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The invention is directed to fibrin materials for use in fibrin compositions and methods that avoid the need to use thrombin as an 
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fibrinogen-analog. The invention further provides a method of forming fibrin-related proteins in vitro from their component fibrin chains. 
The invention additionally provides a method for forming a fibrin sealant by reacting a first fibrin-related protein that is incapable of self- 
polymerizing with a second fibrin-related protein that is incapable of self-polymerizing. Fibrin chains produced by methods of the present 
invention may be used as sources of substantially pure starting material for the production of important fibrin-derived factors that regulate 
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RECOMBINANT FIBRIN CHAINS, FIBRIN AND FIBRIN-HOMOLOGS 

The invention is directed to fibrin materials for use in fibrin 
compositions and methods that avoid the need to use thrombin as an 
5 activating agent. 



DEFINITIONS 

The terms listed below, as used herein, will have the 
meaning indicated. Unless indicated otherwise, the terms "peptide", 
10 "polypeptide" and "protein" are used interchangably mean two or more amino 
acids linked by a peptide bond. 



a-chain 



15 



20 



Aa-chain 



The alpha-chain is one of the three 
component polypeptide chains of fibrin. 
Except for missing the sequence of the 
N-terminal fibrinopeptide A, the amino 
acid sequence of the a-chain is generally 
the same as that of the Aa-chain of 
fibrinogen. The a-chain is also referred to 
as fibrin a-chain. 

The a-chain linked with the N-terminal A 
fibrinopeptide. The Aa-chain is also 
referred to as the fibrinogen Aa-chain. 
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amino acid 
numbering 
and ordering 



10 



15 



/?-chain 



20 



25 



30 



B/ff-chain 



chain 



35 



coiled-coil region 



40 



Ail amino acid numbering for fibrin chains 
is for the human sequences starting from 
initial methionine of the unprocessed gene 
product; for non-human sequences, the 
sequence ranges set forth herein refer to 
the homologous sequences. For instance, 
for the human K-chain, the first amino 
acid of the processed polypeptide is 
residue 27, numbered from the N-terminal 
methionine of unprocessed gene product. 
For purposes of this application an amino 
acid is ordered "in front of" or "before" 
another if it is closer to the N-terminal 
than the other. 

The beta-chain is one of the three 
component polypeptide chains of fibrin. 
Except for missing the sequence of the 
N-terminal fibrinopeptide B, the amino 
acid sequence of the yff-chain is generally 
the same as that of the Byff-chain of 
fibrinogen. The /?-chain is also referred to 
as the fibrin /?-chain. 

The /?-chain linked with the N-terminal B 
fibrinopeptide. The B/?-chain is also 
referred to as the fibrinogen ByS-chain. 

A component polypeptide of fibrin, fibrin- 
homolog, fibrinogen or fibrinogen-analog. 

The regions of fibrin, fibrin-homolog, 
fibrinogen or fibrinogen-analog connecting 
the D-domains with the central E-domain 
are made up of a "coiled-coil" of helical 
regions, each helical region formed from 
one of an a-chain, a /?-chain, and a y- 
chain or a vp-chain. Together, these 
helical regions comprise the coiled-coil 
region. 
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conserved two Cys 
residues of the 
C-terminal portion 
of K-chain 

5 



construct 

10 

crosslinked fibrin 
polymer 

15 



des BB fibrin = 

20 

des BB fibrin 
monomer = 

25 

extended a-chain or 
extended /?-chain = 

30 

fibrin = 



35 

fibrin I 

40 

fibrin I monomer 



The Cys residues generally found in the C- 
terminal portion of all natural K-chain 
sequences. In the human sequence, 
these are residues 352 and 365. 

A nucleotide sequence produced using 
recombinant DNA technology. 



A fibrin polymer where covalent crosslinks 
have formed between the polymerized 
fibrin-related proteins, such as the 
crosslinks formed by factor XIII. 

A fibrin that lacks the B fibrinopeptides, 
but retains the A fibrinopeptides. 

The individual des BB fibrin units, as 
contrasted with a fibrin polymer formed 
with des BB fibrin. 



An a-chain with an N-terminal extension 
or a y(?-chain with an N-terminal extension. 



One of a number of derivatives of 
fibrinogen (e.g., fibrin I, fibrin II or des BB 
fibrin) that can polymerize to form a clot. 
The derivatives are created by cleaving 
the A or B fibrinopeptides from fibrinogen. 

A fibrin that lacks the A fibrinopeptides 
but retains the B fibrinopeptides. Fibrin I 
can polymerize to form a clot. 

Since fibrin I is polymerizable, the term 
"fibrin I monomer" is used to identify the 
individual fibrin I units. 



WO 95/29686 



PCT/US95/05527 



4 - 



10 



15 



20 



25 



30 



35 



fibrin II 



fibrin II monomer 



fibrin chain 



fibrin chain- 
precursor 



fibrin chain with 
an N-terminal 
extension 



fibrin chain with an 
N-terminal ex- 
tension lacking 
a thrombin 

recognition 

sequence 



A fibrin that lacks the A fibrinopeptides 
and the B fibrinopeptides. Fibrin II can 
polymerize to form a clot. 

Since fibrin II is polymerizable, the term 
"fibrin II monomer" is used to identify the 
individual fibrin II units. 

Any of the chains that comprise fibrin 
monomer, fibrin-homolog or fibrinogen- 
analog, including a-chain, /?-chain, y- 
chain or modified K~chain such as 
vp-chain. 



Precursor of a fibrin chain containing a 
N-terminal leader peptide that can be 
cleaved to yield the fibrin chain. A fibrin 
chain-precursor is a fibrin chain with a 
specific type of N-terminal extension. 



A fibrin chain linked, at its N-terminal, and 
via a peptide bond, with an amino acid, 
peptide or protein. 



N-terminal extension to an a-chain, /?- 
chain, K-chain or modified K-chain that is 
not susceptible to thrombin cleavage to 
generate an a-chain, /?-chain, K-chain or 
modified K-chain. 
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10 



15 



20 



25 



30 



35 



fibrin chain with an 
N-terminal ex- 
sion that is not 
adapted for 
proteolytic 
processing 



fibrin-homolog 



fibrin-homolog 
precursor 



fibrin or fibrinogen 
-related protein 



fibrin polymer 



N-terminal extensions to an a-chain, /?- 
chain, K-chain or modified K-chain that is 
not susceptible to proteolytic cleavage to 
generate an ar-chain, /?-chains, K-chain or 
modified K-chain. 

This differs from fibrin I-, II- or des BB 
fibrin- monomer, in that modified K-chains 
substitute for y- chains. 



A fibrinogen-like molecule comprising one 
or more fibrin chain precursors and either 
modified K-chains or modified K-chain 
precursors. A fibrin-homolog precursor 
contains one or more leader peptides on 
its constituent chains. The leader 
peptide(s) can be proteolytically 
processed in vivo or in vitro from the 
fibrin-homolog precursor to yield 
fibrin-homolog. 

A protein related to fibrin or fibrinogen 
that includes two a-chain homologous 
polypeptides, two /?-chain homologous 
polypeptides, and two K-chain or VK-chain 
homologous polypeptides. 

Any composition of fibrin-related proteins 
that have associated covalently or non- 
covalently to form a polymer of fibrin- 
related proteins. 
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fibrin precursor 

5 

fibrin sealant 

10 
15 

fibrinogen 

20 
25 

fibrinogen-analog 

30 
35 

fibrinogen chain 

fibrinogen half 
molecule 



- 6 - 

Precursor of fibrin comprising one or more 
fibrin chain precursors. A fibrin precursor 
contains one or more leader peptides on 
its constituent chains. The leader 
peptide(s) can be processed in vivo or in 
vitro from the fibrin precursor to yield 
fibrin. 

A biological adhesive whose effect 
imitates the final stages of coagulation, 
thereby resulting in a fibrin clot. Fibrin 
sealants are useful in surgery to control 
bleeding or to adhere two tissues to each 
other. 



The protein found in the circulatory 
systems of animals that functions to 
provide building blocks for forming clots. 
Fibrinogen contain two Aa-chains, two 
B/?-chains and two K-chains. When 
fibrinogen is processed to fibrin monomer, 
the fibrin monomer is capable 
polymerizing to form clots. 

A molecule that differs from fibrin in 
having at least one N-terminal extension 
to the a-chain or the yff-chain, wherein the 
extension differs from the A or B 
fibrinopeptide, respectively. When all of 
the component a- or yff-chains have N- 
terminal extensions, fibrinogen-analogs 
are generally incapable of self- 
polymerization. 

A fibrinogen chain is an Aa- or a B/?-chain. 



A fibrinogen half molecule is a precursor 
to fibrinogen having an Aa-chain, a B/?- 
chain and a K-chain. Two fibrinogen half 
molecules can form fibrinogen. 
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genetic-engineering 
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peptide 
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polypeptides 



PCT/US95/05527 



- 7 - 

The gamma-chain is one of the three 
component polypeptides chains of fibrin 
or fibrinogen. The K-chain is also referred 
to as fibrin K-chain. 

A gene construct comprising a promoter 
operably linked to the coding sequence of 
a heterologous gene, wherein the 
promoter controls the transcription of the 
coding sequence. 

Altering the genetics of a host cell by the 
introduction and maintenance of 
nucleotide sequences produced by 
recombinant DNA methodologies. Genetic 
engineering can include, but is not limited 
to, transformation, transduction or 
transfection of integrative or 
non-integrative nucleotide sequences that 
may or may not be capable of 
autonomous replication in the host cell, as 
well as methods of producing transgenic 
multicellular organisms having one or 
more tissues having cells with altered 
genetics. 



A leader peptide that is derived from a 
protein different than the protein to which 
said leader peptide is attached. 



Polypeptides having high homology with a 
significant portion of the sequence of the 
a-chain, yff-chain or K-chain, for instance 
with at least about half of one of these 
chains. 
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Refers to a process a part or the whole of 
which does not involve the use of intact 
cells. For example, in vitro production of 
fibrin can involve in vitro assembly of 
fibrin chains that may have been 
produced by genetically- engineered cells. 
It can also involve in vitro processing of 
cellularly produced fibrin chain precursors 
and in vitro assembly of the resulting 
fibrin chains into fibrin, or the in vitro 
assembly of the fibrin chain precursors 
into a fibrin precursor and the in vitro 
processing of the fibrin precursor into 
fibrin. 

Refers to a process all of which involves 
the use of intact cells. For example, in 
vivo production of fibrin in a genetically- 
engineered cells involves the cellular 
expression, processing and assembly of 
an intact, functional fibrin from expression 
constructs encoding fibrin chain 
precursors. 

The polypeptide at the N-terminal of a 
polypeptide or protein. The leader peptide 
can be of any size, from a single amino 
acid to a peptide several amino acids long 
to an entire protein. As used herein, a 
leader peptide in all instances has a "pro" 
function. That is the leader peptide can 
be specifically and completely removed 
from the attached polypeptide or protein 
by, for example, proteolytic processing. 
In some instance, the leader peptide can 
additionally have a "pre" function in that 
it directs cellular compartmentalization or 
extracellular export of the attached 
protein. In some instances, the leader 
peptide can be processed during the 
membrane translocation step associated 
with cellular compartmentalization or 
extracellular export. 
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10 



15 



20 



25 



30 



35 



40 



modified K-chain or 
modified gamma- 
chain 



native fibrin 

non-covalent 
bonding 



non-covalent 
fibrin polymer 



PCR 

recombinant fibrin, 
fibrin-homolog or 
fibrinogen-anaiog 



RNA 

self-polymerizing 



Includes all vy-chains plus chemically 
modified ^-chains such that, when 
incorporated into fibrin-homolog, the 
homolog lacks the ability to self- 
polymerize but has the ability to form 
non-covalent bonds with fibrinogen. 

A fibrin derived from an animal. 



Any interaction by which proteins form 
stable associations, including hydrogen 
bonds, Van der Waals interactions, 
hydrophobic interactions, electrostatic 
interactions and the like. The presence of 
non-covalent bonds does not exclude the 
possibility of covalent bonds (i.e., 
crosslinks). 



A fibrin polymer wherein the associated 
fibrin-related proteins are associated 
through non-covalent bonds. 

Polymerase chain reaction. 



Fibrin, fibrin-homolog or fibrinogen-anaiog 
produced by genetic-engineering of cells 
with expression constructs encoding fibrin 
chains and fibrin chain precursors. 

Ribonucleic acid. 

A population of the same protein 
molecules in which a first protein 
molecule bonds covalently or non- 
covalently with a second protein 
molecule. 
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10 



15 



20 



25 



30 



stable non-covalent 
bonds 



substantially pure = 



suitable cell 



35 



unfolding amount of 
denaturant 



v^-chain or variant 
K-chain or variant 
gamma-chain 



Bonds between fibrin-related proteins that 
are stable enough to allow the formation 
of a clot. 

The degree of purity where the compound 
comprises at least 50% by weight of the 
material in question. 

A "suitable cell" for the purposes of the 
present claims is a cell that can process, 
by proteolytic removal, the selected N- 
terminal extension encoded by the 
claimed nucleotide sequence. 



An amount of a composition sufficient to 
substantially unfold a protein, generally, 
an amount of denaturant having 
substantially equivalent polypeptide 
unfolding activity as 2.5 M urea. 



A variant gamma-chain that contains one 
or more mutations and/or deletions in the 
C-terminal region following the coiled-coil 
forming region such that, when 
incorporated into fibrin-homolog, the 
homolog lacks the ability to self- 
polymerize but has the ability to form 
non-covalent bonds with fibrinogen. 



Fibrin and Blood Clotting 

One mechanism for hemostasis, i.e., prevention of blood loss, of a 
mammal is the formation of a blood clot. Clot formation in humans occurs by 
means of a complex cascade of reactions with the final steps being the 
conversion of fibrinogen by thrombin, calcium ions and activated Factor XIII 
to form ultimately crosslinked fibrin II polymer, alternatively known as 
40 insoluble fibrin II polymer, which is the insoluble fibrin clot. 
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Fibrinogen represents about 2 to 4 grams/liter of the blood plasma 
protein and is a complex protein consisting of three pairs of disulfide-linked 
polypeptide chains designated (Aa) 2 , (B/?) 2 , and y 2 "A" and "B" represent the 
two small aminoterminal peptides, known as fibrinopeptide A and 
5 fibrinopeptide B, respectively. The six polypeptide chains of fibrinogen are 
folded into at least three globular domains in a linear disposition, two terminal 
"D-domains" and a central "E-domain". The E-domain is believed to contain 
all six N-terminal residues of the polypeptide chains in fibrinogen molecule. 
Each D-domain contains the C-terminal sequence from one Aa-chain, one Bfi 

10 chain, and one y chain. 

The formation of insoluble fibrin clots (i.e. crosslinked fibrin II 
polymer) is believed to begin with fibrinogen being converted by thrombin to 
fibrin I monomer. This conversion involves thrombin-mediated cleavage of the 
16 amino acid fibrinopeptide A (G 1 -R 16 ) from each the two Aa-chains of 

1 5 fibrinogen, producing two a-chains each with a new N-terminal having the 
amino acid sequence G 17 -P-R-V 20 -. The fibrin I monomer, it is believed, can 
spontaneously polymerize with other fibrin I or fibrin II monomers due to 
intermolecular interactions (i.e., non-covalent bonds) between the E-domain of 
the converted fibrin monomer, which now has accessible non-covalent 

20 bonding sites, and a D-domain of a different fibrin I or fibrin II monomer. 
Each D-domain of a fibrin monomer carries a polymerization site capable of 
stably interacting with an E-domain of a fibrin I or fibrin II monomer. 

Contacts between the two E-domain polymerization sites of one fibrin 
I monomer with two complementary D-domain polymerization sites, each from 

25 two different fibrin I monomers, are believed to result in linear fibrin fibrils 

(i.e., polymers) with half staggered overlapping molecular contacts. The fibrin 
I polymer so formed is sometimes referred to as soluble fibrin I polymer 
because, by treatment with appropriate chemical means the fibrin I polymer 
can be depolymerized and reconverted to fibrin I monomers. 
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The next step in the formation of fibrin clots involves the conversion 
of fibrin I monomer to fibrin II monomer. This step involves the thrombin- 
mediated cleavage of the fibrinopeptide B from each of the two B/?-chains of 
fibrin I. The removal of the 14 amino acid fibrinopeptide B produces yS-chains, 
5 each having a N-terminal sequence of G-H-R-. Fibrin II monomers, like fibrin I 
monomers, can spontaneously polymerize with other fibrin II or fibrin I 
monomers due to intermolecular interaction sites in the E-domain of one fibrin 
II monomer, which are made accessible by the cleavage reaction, with the 
D-domain of another fibrin II or fibrin I monomer. Like fibrin I polymer, fibrin II 
10 polymer is also sometimes referred to as soluble fibrin II polymer because by 
appropriate chemical treatments it can be depolymerized and reconverted to 
fibrin II monomers. The exposure of the £-chain N-terminal sequences in the 
E-domain is critical to fibrin clot formation as it facilitates the activated Factor 
Xlll-mediated covalent crosslinking of adjacent fibrin II monomers in the fibrin 
1 5 II polymer. Although activated Factor XIII is also capable of crosslinking fibrin 
I monomers in a fibrin polymer, the reaction is less efficient due to the 
presence of fibrinopeptide B on fibrin I. Cross-linked fibrin II polymer is 
sometimes referred to as insoluble fibrin II polymer because it cannot be 
depolymerized and reconverted to fibrin II monomers . 
20 A schematic diagram of the fibrinogen to crosslinked fibrin I polymer 

and crosslinked fibrin II polymer is shown in Figure 8. 

In addition to thrombin and Factor XIII, calcium ions are believed to be 
important in the formation of fibrin clots and have a number of important 
roles. Calcium ions are believed necessary for the activation of prothrombin to 
25 thrombin, and since thrombin activates Factor XIII, calcium ions are indirectly 
necessary for Factor XIII activation. Further, active Factor XIII is believed to 
be a calcium-dependent enzyme which cannot crosslink fibrin polymers in the 
absence of calcium ions. Calcium ions also directly bind to polymeric fibrin 
and change the opacity and mechanical properties of the fibrin polymeric 
30 strands. For reviews of the mechanism of blood coagulation and the 
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components of a fibrin clot, see CM. Jackson, 1980, Ann. Rev. Biochem., 
49:765-811, and B. Furie and B.C. Furie, 1988, Cell, 53:505-518. 

Fibrin Sealants 

5 A fibrin sealant is a biological adhesive whose effect imitates the 

stages of coagulation to form a fibrin polymer. The sealant can be designed 
so that the fibrin polymer will be converted to insoluble fibrin polymer. One 
type of fibrin sealant uses fibrinogen and consists of two components. One 
component comprises concentrated human fibrinogen, bovine aprotinin and 

10 Factor XIII. The second component comprises bovine thrombin and calcium 
chloride. Application of this type of sealant is generally carried out with a 
double-barrelled syringe, which permits simultaneous delivery of both 
components to the desired site of the fibrin clot formation. The mixing of the 
two components at the target site produces a fibrin clot via the sequence of 

1 5 reactions described above. 

The fibrinogen component of this type of fibrin sealant is typically 
prepared from pooled human plasma. The fibrinogen can be concentrated 
from the human plasma by cryoprecipitation and precipitation using various 
reagents, e.g., polyethylene glycol), diethyl ether, ethanol, ammonium sulfate 

20 or glycine. For reviews of this type of fibrin sealants, see M. Brennan, 1991, 
Blood Reviews, 5:240-244; J.W. Gibble and P.M. Ness, 1990, Transfusion, 
30:741-747; H. Matras, 1985, J. Oral Maxiilofac Surg., 43:605-611 and R. 
Lerner and N. Binur, 1990, J. of Surgical Research, 48:165-181. 

A second, newer type of fibrin sealant uses compositions consisting 

25 primarily of fibrin I and/or fibrin II monomers. See European Patent 
Application No. 0 592 242, published April, 1994. In these types of 
sealants, fibrin I monomers and/or fibrin II monomers and/or desBB fibrin 
monomers are prepared in advance of sealant application from fibrinogen 
using an appropriate proteolytic enzyme, such as thrombin. The fibrin 

30 monomers are maintained in soluble form using an appropriate buffer. Useful 



WO 95/29686 



PCT/US95/05527 



- 14 - 

buffers include those that have a low pH and/or a chaotropic agent and 
preferably have low calcium levels or are calcium-free. The fibrin I monomers, 
fibrin II monomers or desBB fibrin monomers in such solutions can be 
converted to fibrin polymers by mixing the solution with a second solution to 
5 produce a mixture with conditions that permit the spontaneous polymerization 
of the fibrin monomers to form a fibrin clot. 

Fibrin I, fibrin II and desBB fibrin monomer-based sealants have 
several advantages over fibrinogen-based sealants. Notably, fibrin 
monomer-based sealants do not include bovine or human thrombin. The use 
10 of such sealants, when the fibrin monomer is prepared from the autologous 
source (i.e., the patients themselves), introduces no foreign proteins into the 
recipient and thereby avoids complications arising from immunological 
reactions and risk of blood borne infections. The fibrin monomer-based 
sealants can be conveniently prepared. Soluble fibrin polymer can be 
1 5 dissolved using a weak acidic solution and the resulting fibrin monomers 
lyophilized to fine powders. Such powders can easily be redissolved in a 
weak acid and induced to repolymerize by the addition of an alkali buffer. 
Alternatively, the powdered fibrin monomers can be dissolved in a chaotropic 
solution, e.g., urea, to a very high concentration (> 1 50 mg/ml) and induced 
20 to repolymerize by the addition of water. 

A further advantage of fibrin monomer-based sealants is that as they 
generally use autologous components, their use poses a lower risk of 
exposure to blood-transmitted infectious agents such as hepatitis (including 
hepatitis B, and non-A, non-B hepatitis) and acquired immune deficiency virus 
25 (AIDS). See L.E. Silberstein et al., 1988, Transfusion, 28:319-321; K. 

Laitakari and J. Luotonen, 1 989, Laryngoscope, 99:974-976 and A. Dresdale 
et al., 1985, The Annals of Thoracic Surgery, 40:385-387. Diseases caused 
by such agents can be transmitted by conventional fibrinogen-based sealants 
because the fibrinogen component is typically prepared from pooled human 
30 plasma. Moreover, the use of fibrin-based sealants can also avoid the risks 
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associated with the bovine thrombin component of fibrinogen-based sealants. 
Bovine thrombin preparations can carry the infectious agent bovine 
spongiform encephalitis (BSE) as well as other viral pathogens of mammals. 
Also, bovine thrombin is a potent antigen, which can cause adverse 
5 immunological reactions in humans. For further discussions of these types of 
complications that are associated with fibrinogen-based sealants, see D.M. 
Taylor, 1991, J. of Hospital Infection, 18 (Supplement A):141-146 and S.B. 
Prusiner et al. r 1991, Cornell Vet, 81:85-96. 

Accordingly, there is the need for preparations of fibrin sealants that 

10 are free of viral infection and/or allergenic effects. While the use of 

autologous fibrin in fibrin monomer-based sealants is a solution, its application 
is unfortunately limited to situations where advanced planning, in the way of 
collecting and preparing a sufficient amount of autologous fibrin monomer, is 
possible. However, where advanced planning is not possible, i.e., 

1 5 emergencies, or where only a limited amount of autologous plasma can be set 
aside, (i.e., neonates), there remains a need for infection-free fibrin monomers 
that can be used in the preparation of safe and convenient fibrin sealants. 

Recombinant Fibrinogen and Fibrin 

20 Genetic engineering offers a way to produce fibrinogen and fibrin 

monomers in comparatively high yields, in substantially pure form, and in the 
absence of pathogenic viruses such as hepatitis and HIV. Heterologous 
expression of fibrinogen and fibrin chains also allows the construction of 
mutations which can mimic naturally occurring fibrin variants and the isolation 

25 and study of these proteins without a need for patients with these rare 
genetic defects. 

Each of the three different polypeptide chains (Aor, B/? and y) of 
fibrinogen is coded by a separate gene. The cDNAs for each of these chains 
have been prepared (Chung et al., 1983, Ann N.Y. Acad. ScL, 408:449-456; 
30 Rixen et aL, 1983, Biochemistry, 22:3237-3244; Chung et al., 1983, 
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Biochemistry, 22:3244-3250; Chung et al., 1983, Biochemistry, 
22:3250-3256) and expressed in procaryotic organisms. Furthermore, each 
human fibrinogen chain has been introduced separately (Huang et al., 1993, 
J. Biol. Chem., 268:8919-8926; Roy et al., 1992, J. Biol. Chem., 
5 267:23151-23158; Roy et al., 1991, J. Biol. Chem., 266:4758-4763) or in 
combination (Hartwig and Danishefsky, 1991, J. Biol. Chem., 
266:6578-6585; Huang et al., ibid.; Roy et al., 1991, J. Biol. Chem., 
266:4758-4763) into expression plasmids and transfected into eucaryotic 
cells. 

10 Most of tn e plasmids used in expressing recombinant human 

fibrinogen are derived from those constructed by Dr. D. Chung, University of 
Washington, Seattle and are based on cDNA clones {Rixen et al., 1983, 
Biochemistry, 22:3237-3244; Chung et al., 1983, Biochemistry, 
22:3244-3250; Chung et al., 1983, Biochemistry, 22:3250-3256). The 
1 5 expression of recombinant fibrinogen chains were first achieved in E.coli 
(Bolyard and Lord, 1988, Gene, 66:183; Bolyard and Lord, 1989, Blood, 
73:1202-1206; Lord and Fowlkes, 1989, Blood, 73:166-171). The 
individually expressed chains showed antigenic similarities with fibrinogen and 
displayed thrombin cleavable sites similar to those found in native fibrinogen 
20 (Bolyard and Lord, 1989, Blood, 73:1202-1206; Lord and Fowlkes, 1989, 
Blood, 73:166-171). The release of fibrinopeptides A and B was also 
observed (Bolyard and Lord, 1989, Blood, 73:1202-1206; Lord and Fowlkes, 
1989, Blood, 73:166-171). 

Eucaryotic cells carrying appropriate expression plasmids encoding 
25 individual fibrinogen chains have been shown to synthesize the encoded 
fibrinogen chains and to result in the intracellular formation of dimeric chain 
molecules, e.g. Aa 2 , B0 2 or y 2 dimers (Roy et al., 1990, J. Biol. Chem., 
265:6389-6393; Zhang and Redman, 1992, J. Biol. Chem., 
267:21727-21732). Furthermore, when appropriate plasmids containing 
30 genes encoding for all three human fibrinogen chains are transferred into the 
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same cell, then not only are all three chains expressed but the polypeptide 
chains associate in pairs and intact fibrinogen is secreted into the surrounding 
medium (Roy et a!., 1991, J. Biol. Chem., 266:4758-4763; Hartwig and 
Danishefsky, 1991, J. Biol. Chem., 266:6578-6585). Like natural fibrinogen, 
5 the secreted recombinant fibrinogen consists of three pairs of non-identical 
polypeptide chains and is functional in forming fibrin polymers. 

Fibrinogen is naturally synthesized by liver, and megakaryocyte cells 
and transformed liver cells maintained in culture are able to continue 
fibrinogen synthesis and secretion (See Otto et al., 1987, J. Cell. Biol., 

10 105:1067-1072; Yu et al., 1987, Thromb. Res., 46:281-293; Alving et al., 
1982, Arch. Biochem. Biophys., 217:19). One such cell line is the Hep G2 
cells (Drs. Knowles and Aden, Wister Institute, Philadelphia). This line 
synthesizes an excess of Act- and ^chains over the B£-chains resulting in 
non-productive dimeric complexes of Act- and K-chains (e.g., Act 2 k 2 ). The 

1 5 introduction of an additional expression vector encoding B^-chains resulted in 
the formation of trimeric complexes (AaBfiy) which adopt the correct folding 
and intrachain disulfide bonding patterns (Roy et al., 1990, J. Biol. Chem., 
265:6389-6393). The mechanism of this folding is unknown and may 
involve ancillary proteins and enzymes (Roy et al., 1992, J. Biol. Chem., 

20 267:23151-23158). These studies demonstrated not only the correct 
transcription of B£ cDNA but also that the excess B/?-chain enhanced the 
assembly and secretion of intact fibrinogen. 

In Hep G2 cells, the AaBJ3y trimeric complexes associate in pairs to 
form intact fibrinogen molecules, which become glycosylated and are actively 

25 secreted from the cell (Huang et al., 1993, J. Biol. Chem., 268:8919-8926). 
Indeed only correctly assembled fibrinogen molecules are secreted. Thus, 
Hep G2 cells have the synthetic and secretory apparatus for the assembly of 
fibrinogen. 

Subsequent experiments have introduced fibrinogen chain encoding 
30 cDNA plasmids into eukaryotic cells that do not normally synthesize 
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fibrinogen. These experiments successfully produced functional fibrinogen, 
demonstrating that the factors needed for fibrinogen assembly and secretion 
are not unique to liver-derived cells like Hep G2. Eucaryotic cells known to be 
capable of assembling and secreting recombinant fibrinogen include baby 
5 hamster kidney cells (BHK), COS cells and Chinese hamster ovary cells (CHO) 
(Roy et al. ( 1991, J. Biol. Chem., 266:4758-4763; Hartwig and Danishefsky, 
1991, The Journal of Biol. Chem., 266:6578-6585; Farrell et al., 1991, 
Biochemistry, 30:9414-9420). 

Intact functional fibrinogen secreted by stably transformed eukaryotic 
10 cells results in the accumulation of fibrinogen levels of around 1-2 jt/g/ml. 
Methods are known for increasing the output of recombinant proteins from 
transfected cells like CHO cells such that the expression levels can approach a 
thousand fold the basal secretory level. 

Despite such successful demonstrations, recombinant fibrinogen does 
1 5 not provide a completely satisfactory solution to the production of fibrin 

sealants that are safe from viral contamination or adverse allergenic effects. 
For, in as much a the use of recombinant fibrinogen in fibrin sealant still 
requires processing by animal produced thrombin, significant concerns remain 
over viral contamination and allergic reactions stemming from the thrombin 
20 component of such fibrinogen-based sealants. 

Expression of Heterologous Proteins in Yeast and Aspergillus 

With the advent of recombinant DNA technology, efforts have been 
made to express heterologous DNA in a variety of prokaryotic and eukaryotic 
25 systems. Two such systems are yeast and the filamentous fungi Aspergillus. 
Yeast and other fungi such as Aspergillus have a number of 
advantages over bacteria and other eukaryotes as a system for the production 
of polypeptides or proteins encoded by recombinant DNA. Yeast and other 
fungi have been extensively used in large scale fermentations, so the 
30 technologies for fermenting yeast and other fungi are well known and 
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numerous yeast or other fungal hosts and expression vectors have been 
developed. See Kingsman et al., 1985, Biotechnology and Genet. Engineering 
Rev., 3:337-416 (Saccharomyces yeasts); Reiser et al., 1990, Adv. Biochem. 
Engineering and Biotechnol. , 43:75-1 02; (v\or\-Saccharomyces yeasts); 
5 Sanders et al., 1989, Trends. Biotechnol. 7:283-287, Jeenes et al., (1991) 
Biotechnol. Genet. Eng. Reve., 9:327-367, van den Hondel et al., (1991) 
More Gene Manipulations in Fungi, Bennett and Lasure, Eds., pp. 396-428. 
Additionally, yeast and other fungi can be grown to higher densities than 
bacteria and many other types of eukaryotic cells, and are readily adaptable to 

10 continuous fermentation processing. Since yeast and other fungi are 

eukaryotic organisms, they will generally exhibit the same or similar codon 
preferences as higher organisms. Further, they naturally secrete a wide range 
of glycoproteins which makes these systems especially attractive for the 
production of extracellular eukaryotic glycoproteins. The secretion may result 

1 5 from the ability of yeast and other fungi to correctly recognize and process 
heterologous leader peptides as well as the availability of a wide range of 
cloned homologous leader peptides that can be used to construct secretable 
fusion proteins. See Cullen et al., 1987, Bio/Technology, 5:369-376; van 
Hartingsveldt et al., 1 991 , Proceedings of the 6th International Symposium on 

20 the Genetics of Industrial Microorganisms (Strasbourg), 107-1 16; Kingsman 
et al., ibid; Reiser et al., ibid; Ward et al., 1990, Bio/Technology, 8:435-440. 
Yeast and other fungi also correctly perform most eukaryotic post- 
translational modifications, such as N-terminal processing and glycosylation. 
See Kingsman et al., ibid; Reiser et al., ibid; Van Brunt, 1988, Biotechnol. 

25 4:1057-1062. 

Numerous heterologous proteins have been successfully expressed 
and secreted in the yeast Saccharomyces. Examples include interferon 
(Hitzeman and Leung, U.S. Patent No. 4,775,622, issued October 4, 1988; 
Hitzeman et al., Canadian Patent No. 1,205,026, issued May 27, 1986; 

30 Hitzeman et al., 1981, Nature (London) 293: 717); platelet derived growth 
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factor (Murray et al. f U.S. Patent No. 4,801,542, issued January 31, 1989); 
glucagon (Norris et al., U.S. Patent No. 4,826,763, issued May, 1989). See 
also Reiser et al. for heterologous protein produced in yeast other than 
Saccharom yces. 

5 Similarly, numerous heterologous proteins have also been successfully 

expressed and secreted in fungi. Examples include porcine pancreatic 
prophospholipase A2 (Roberts et al., 1992 , Gene 122:155-161); hen 
egg-white lysozyme (Jeenes et al., 1993, FEBS Microbiol. 107:267-272); 
human lactoferrin (Ward et al., 1992, Gene 122:219-223); human lysozyme 

10 (Tsuchiya et al., 1992, Appl. Micro/. Biotechnol. 38:109-1 14); human 

interferon (Gwynne et al., 1987, Biotechnol. 5:713-719); bovine chymosin 
(Cullen et al., 1987, Biotechnol. 5:369-376); human tissue plasmogen 
activator (Upshall et al., 1987, Biotechnol. 5:1031-1034); see also Jeenes 
et al., 1991, Biotechnol. Genet. Eng. Rev., 9:327-367 and van den Hondel 

15 et al., 1 991 , More Gene Manipulations in Funqi, Bennett and Lasure, Eds., pp. 
396-428-428. 



SUMMARY OF THE INVENTION 

The present invention generally relates to recombinant fibrin chains, 
20 fibrin monomers, fibrin-homologs and fibrinogen-analogs. The recombinant 
fibrin chains are useful in the production of fibrin chain-derived factors and in 
the production of fibrin monomers, fibrin-homologs and fibrinogen-analogs, 
which in turn are useful in the preparation of safe and convenient surgical 
adhesives and sealants. The invention provides for the production of 
25 recombinant fibrin chains as well as fibrin I, desBB fibrin and fibrin II 
monomers, and useful derivatives that do not require prior enzymatic 
processing to form fibrin-like polymers. 

The invention is directed, in one aspect, to a method of preparing 
fibrin I, fibrin II and desBB fibrin monomers from preparations comprising, for 
30 instance, (a) alpha-fibrin chain (a-chain), fibrin beta-chain (/?-chain) and 
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gamma-fibrin chain (K-chain), (b) fibrin alpha-chain (o-chain), fibrinogen B- 
beta-chain (B£-chain) and gamma-fibrin chain (K-chain), or (c) fibrinogen A- 
alpha-chain (Aor-chain), fibrin beta-chain (£-chain) and fibrin gamma-chain (y- 
chain). In one case, the fibrin monomers are prepared from the component 
5 polypeptide chains in vitro; otherwise, the fibrin monomers are prepared in 
vivo in an organism containing DNA constructs that direct the synthesis of 
one of the combinations (a) - (c) of fibrin chains identified above. In another 
aspect, the invention is directed to fibrin I, desBB-fibrin and fibrin II monomer 
compositions that are essentially free of at least one of fibrinogen 
10 half-molecule, fibrinogen, fibrinogen Ac-chain, fibrinogen B/?-chain, 
fibrinopeptide A and fibrinopeptide B. 

In yet another aspect, the invention is directed to fibrin-homologs 
lacking the A and/or the B fibrinopeptides wherein the gamma chain is a 
variant gamma chain that is altered such that the fibrin-homolog cannot self- 
15 polymerize, but can polymerize with fibrinogen. Preferably, the variant y- 
chain is altered in the globular region situated in the D-domain such that the 
globular region cannot form the stable intramolecular non-covalent bonds with 
the E domain of adjacent fibrin monomers (which interactions are involved in 
fibrin polymerization). In still another embodiment, the invention is directed to 
20 methods of forming fibrin sealants by mixing compositions comprising fibrin- 
homolog with fibrin-related compositions such as fibrin I monomer, fibrin II 
monomer, desBB fibrin monomer, fibrinogen or fibrinogen analog 
compositions. The invention is further directed to nucleotide sequences 
encoding N-terminal extensions, including export leader sequences derived 
25 from either a fibrin leader sequence or a leader sequence from another export 
protein, wherein the N-terminal extension-encoding sequence is coupled to 
the nucleotide sequence of the a-chain or the /?-chain. Also, the invention is 
directed to K-chain analogs that lack the structure required for D-domain 
interaction with E domains. 
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One aspect of the present invention relates to the use of novel fibrin 
chain-precursors and nucleic acid sequences encoding such precursors to 
produce fibrin chains and fibrin I, fibrin II and desBB fibrin monomers. 

A fibrin chain precursor of the invention comprises a heterologous 
5 leader peptide fused to the N-terminal of an a-, /?- y- or VK-chain. The 

invention provides four different classes of fibrin chain precursors: a-chain 
precursors, £-chain precursors, K-chain precursors and variant fibrin gamma- 
chain (VK-chain or variant K-chain) precursors. According to the present 
invention, the leader peptide functions as a "pro" sequence that can be 
10 cleaved from a "free" fibrin chain precursor or from a fibrin chain precursor 
that has been assembled into a fibrin precursor to yield a fibrin chain or fibrin, 
respectively. The leader peptide can additionally function as a "pre" sequence 
providing for cellular localization or extracellular export of the fibrin chain 
precursor or fibrin precursor containing the leader peptide. The N-terminal 
15 extensions described above may also function as "pre" sequences. 

The invention provides for nucleotide sequences encoding the novel 
fibrin chains of the invention and expression constructs comprising the coding 
sequences operably linked to promoters. According to the invention, cellular 
expression of the constructs can be used to produce individual fibrin chains. 
20 Further, simultaneous cellular expression of particular combinations of the 
constructs can be used to produce fibrin. Fibrin monomer-producing 
combinations may have one each of the following expression constructs: 1) 
an a-chain construct or an Aa-chain construct; 2) a /?-chain construct (for the 
production of fibrin II) or a B£-chain construct (for the production of fibrin I); 
25 and 3) a K-chain construct or a VK-chain construct, all of which constructs 

may encode fibrin chain precursors or other N-terminal extensions to the fibrin 
chains. 

Another aspect of the present invention relates to novel 
fibrin-homologs that have structures and properties similar to those of fibrin, 
30 and to the use of nucleic acid sequences encoding fibrin chain precursors and 



WO 95/29686 



PCT/US95/0S527 



- 23 - 

novel variant K-chain precursors to produce the fibrin-homologs. The 
fibrin-homolog of the invention is incapable of reacting with itself to form 
homogeneous polymers, but can under appropriate conditions form 
heterogeneous polymers comprising, for example, the fibrin-homolog and 
5 fibrin monomer or fibrinogen. 

A novel fibrin-homolog of the invention may comprise one pair each 
of the following chains: 1) or-chain or Aor-chain (in a desBB fibrin-homolog); 2) 
£-chain (in a fibrin ll-homolog) or B£-chain (in a fibrin l-homolog); and 3) a 
variant K-chain. A variant K-chain of the invention contains one or more 

10 mutations or deletions in the region of the K-chain which, when the VK-chain 
is assembled into a fibrin-homolog, forms a globular structure in the 
D-domain. These mutations or deletions diminish abolish the homolog's 
D-domains' ability to non-covalent bond with the E-domains of other fibrin or 
fibrin-homolog monomers. Such mutations, however, do not affect the 

1 5 fibrin-homolog's ability to participate in intermolecular non-covalent bonding 
with other fibrin or fibrinogen monomers through its E-domain. Thus, the 
fibrin-homologs can be used to form heterogeneous polymers useful as 
surgical adhesives or sealants by combining them with fibrinogen, fibrin 
monomer or other types of fibrin-related proteins that have functional 

20 D-domains. 

Like the fibrin chain precursors, the novel variant K-chain precursors of 
the invention may, in particular embodiments, contain a pro or a prepro leader 
peptide. The invention provides that the leader peptide may be processed 
post-translationally, before or after assembly of the VK-chain precursor into a 

25 fibrin-homolog or a fibrin-homolog precursor. 

The invention provides for nucleotide sequences encoding vK-chains 
and expression constructs comprising these coding sequences operably linked 
to promoters. According to the invention, simultaneous cellular expression of 
particular combinations of constructs encoding VK-chains, fibrinogen chains, 

30 and fibrin chain-precursors can be used to produce the desired fibrin-homolog. 
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Useful combinations of constructs include those having at least one each of 
the following expression constructs: 1) a construct for forming an a-chain. or 
an a-chain with an N-terminal extension; 2) a construct for forming a yff-chain 
or a £-chain with an N-terminal extension; and 3) a construct forming a vk- 
5 chain or a vp-chain with an N-terminal extension. 

An additional aspect of the present invention relates to novel means 
of producing recombinant fibrin chains, fibrin and fibrin-homologs. In 
particular, the present invention provides for cell culture systems that express 
fibrin or fibrin chain precursors, that express recombinant genes for fibrin 
10 chain precursors to produce fibrin chains, and that express, process and 

assemble fibrin and fibrin-homologs. The present invention also provides for 
methods of in vitro processing of fibrin chain precursors to form fibrin chains 
and methods for in vitro assembly of the fibrin chains to form fibrin and 
fibrin-homologs. 

1 5 Fibrin chains produced by methods of the present invention can be 

used as sources of substantially pure starting material for the production of 
fibrin-derived factors that regulate angiogenesis, platelet aggregation, etc. 
Fibrin and fibrin-homologs produced by methods of the present invention can 
be used as components of fibrin-monomer based surgical sealants. 

20 

DESCRIPTIONS OF THE FIGURES 
Fig. 1. The synthetic leader sequence used in the 
construction of an a-chain precursor construct. (See Section 1). 

Fig. 2. The synthetic leader sequence used in the 
25 construction of a yff-chain precursor construct. (See Section 2). 

Fig. 3. The synthetic 3' end fragment used in construction 
of gamma fibrin chain construct. (See Section 3). 

Fig. 4. The synthetic Kpnl/Sall adaptor used in the 
construction of gamma fibrin chain construct. (See Section 3). 
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Fig. 5. The oligonucleotide used in construction of 
recombinant fibrin chains. (See Section 1). 

Fig, 6. The schematic of the expression cassette of pIGF 
fusion vector. (See Section 6). 
5 Fig. 7. Partial nucleotide and amino acid sequences of 

human K-chain. The locations of mutagenesis primers MUTIG and MUT2G 
and sequencing primers PCRY and PCRX are indicated. (See Section 4). 

Fig. 8. A schematic of the conversion pathway from 
fibrinogen to crosslinked fibrin-ll polymer. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to recombinant fibrin chains, 
fibrin and fibrin-homologs. Recombinant fibrin chains are useful sources of 
fibrin-derived regulatory factors. Recombinant fibrin and fibrin-homologs are 

1 5 useful as functional components of safe and convenient fibrin sealants. The 
invention provides for the production of substantially pure fibrin chains, fibrin, 
fibrin-homologs, fibrinogen-analogs and their precursors after 
genetic-engineering of host cells with expression constructs encoding 
fibrinogen chains, fibrin chains, fibrin chain precursors and fibrin chains with 

20 N-terminal extensions. 

The recombinant fibrin monomer and fibrin-homologs, of the 
invention have secondary and tertiary structures that are similar, if not 
identical, to those of natural fibrin produced by thrombin processing of 
fibrinogen, particularly in the coiled-coil regions and the E-domains. Like 

25 natural fibrin monomer, the recombinant fibrin monomers and fibrin-homologs 
of the invention each comprise three pairs of non-identical polypeptides 
covalently linked by intrachain and interchain disulfide bonds. The non- 
identical polypeptides that form recombinant fibrin are fibrin a-, /?- and 
K-chains or their precursors. The non-identical polypeptides that form 

30 recombinant fibrin-homologs are fibrin a-, p- and modified ^-chains such as 
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VK-chains or their precursors. In particular instances, fibrinogen By?-chains 
may substitute for /?-chains, for instance to form fibrin I and fibrin l-homologs 
or Aor-chains may substitute for cr-chains, for instance to form desB/? fibrin- 
homologs. Additionally, the a-chains or ^-chains can have N-terminal 
5 extensions that differ from the respective A or B fibrinopeptides. These N- 
terminally extended chains can be used to form molecules that have 
sequences that block or inhibit polymerization, as A and B fibrinopeptides 
function. These molecules are fibrinogen-analogs. In some embodiments, 
these extensions are cleavable to generate from fibrinogen-analogs, fibrin I, 

10 fibrin II or desBB fibrin monomers (in which cases, the fibrinogen-analogs are 
fibrin precursors). The recombinant fibrin monomers, fibrin-homologs and 
fibrinogen-analogs of the invention can, without further protein processing 
and under the appropriate conditions, form homogeneous or heterogenous 
fibrin or fibrin-like polymers that can be used as the functional component of 

1 5 surgical sealants. 

More particularly, one aspect of the present invention 
pertains to the use of novel fibrin chain precursors and nucleotide sequences 
encoding such precursors to produce fibrin chains. The novel fibrin chain 
precursors comprise a heterologous leader peptide fused to the N-terminal of 

20 a a-chain, £-chain, K-chain or vp-chain. The leader peptide can function as a 
pro sequence that can be completely and specifically processed from the 
fibrin chain precursor or the fibrin or fibrin-homolog precursors containing a 
fibrin chain precursor. In preferred embodiments, the leader peptide may 
additionally function as a "pre" sequence that directs the cellular 

25 compartmentalization or extracellular export of the fibrin chain-precursor or 
the precursors of fibrin and fibrin-homolog containing the leader peptide. The 
nucleotide sequences provided by the invention encode novel fibrin chain 
precursors. The invention also provides for expression constructs that 
operably linked the fibrin chain precursor coding sequences with promoters 

30 that regulate the expression of the coding sequences in host cells. 
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Another aspect of the present invention relates to 
fibrin-homologs that have structures and properties similar to those of fibrin, 
and to the use of novel variant K-chains or their precursors and nucleic acid 
sequences encoding such chains and precursors to produce the 
5 fibrin-homologs. The variant K-chains of the invention are mutant K-chains, 
whose incorporation into a fibrin molecule (thereby forming a fibrin-homolog 
molecule) abolishes the ability of the homolog to self-polymerization, but 
allow the homolog to form non-covalent bonds with fibrinogen. Preferably 
the two D-domains of the homolog lack the ability to form stable 
10 intermolecular non-covalent bonds with the E-domains of other fibrin or 
fibrin-homolog molecules. Even though the fibrin-homolog of the invention 
has an activated E-domain (i.e., an E-domain from which the A or B 
fibrinopeptides are removed), the homolog's loss of D-domain function 
prevents it from forming a homogeneous polymer. However, such homologs 
1 5 can, when combined with fibrin, fibrinogen or fibrin-homologs that have 
functional D-domains, form heterogeneous polymers that are useful as 
surgical sealants. A novel variant K-chain of the invention has one or more 
mutations, substitutions and/or deletions in the sequence to the C-terminal 
side of the coiled-coil-forming sequence. In another embodiment, the variant 
20 K-chain has one or more mutations, substitutions and/or deletions in the 

sequence from about the first of the C-terminal pair of conserved Cys resides 
to the C-terminal. In yet another embodiment, the variant K-chain has one or 
more mutations, substitutions and/or deletions of the cystine residues that 
form the C-terminal distal intramolecular disulfide bond. Other variant 
25 K-chains of the invention have other mutations that disrupt the structure of 
the K-chain globular domains or delete sequence from the globular domains 
such that they cannot form stable non-covalent bonds with E-domains. 

Yet another aspect of the invention relates to fibrin-related 
mix polymers comprising (1) a fibrin-homolog comprising a modified K-chain 
30 (which could be a variant K -chain) and (2) a fibrinogen, fibrinogen-analog or 
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fibrin monomer composition, wherein the fibrin-homolog is non-covalently 
bonded to the fibrin-related protein of the second composition. Preferably, 
the fibrin-related protein of the second composition cannot self-polymerize. 
The invention also provides kits for forming surgical sealants comprising, 
5 separately, these two compositions that can form a mix polymer. 

Another aspect of the present invention relates to means of 
producing recombinant fibrin chains, fibrin monomers, fibrin-homologs and 
fibrinogen analogs. In particular, the present invention provides for host cell 
systems that have been engineered with the nucleotide sequences and 

10 constructs of the invention and correctly express, process and assemble fibrin 
chain precursors, fibrin chains, fibrin, fibrin-homologs or fibrinogen-anaiogs. 
Useful host cells for the expression of the polypeptide and protein molecules 
of the invention include, but are not limited to, mammalian cells such as baby 
hamster kidney (BHK) cells, COS cell, Chinese hamster ovary (CHO) cells, 

1 5 liver derived Hep cells; fungal cells such as those from the Saccharomyces 
genus and Aspergillus genus; as well as bacterial, insect and plant cells. 

In some embodiments, the synthesis of one or more of the 
constituent chains of recombinant fibrin monomer, fibrin-homolog and fibrin- 
analog is inducible. In other embodiments, the processing of the leader 

20 peptide on the precursors of fibrin-chains, fibrin or fibrin-homologs is 

inducible. In preferred embodiments, the host cells synthesize and export the 
recombinant fibrin chain, fibrin, fibrin-homologs or their precursors. In 
particularly preferred embodiments, the host cells synthesize and export the 
recombinant fibrin, fibrin-homolog or their precursors in low pH media, such 

25 as a medium having a pH between about 3.0 and about 5.0, that inhibits 
polymerization of the exported fibrin or fibrin-homolog. Preferably, the 
medium has a pH between about 4.0 and about 4.8. Examples of suitable 
organisms include Aspergillus flavius, A. niger, A. nidulans, and A. oryzae. 
The invention also provides for the production of fibrin and fibrin-homologs by 
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in vitro processing of fibrin chain precursors to fibrin chains and the in vitro 
assembly of the fibrin chains to fibrin and fibrin-homologs 

Preferably, the proteins or nucleic acids of the invention are 
at least about 60% pure with respect to macromolecules, more preferably 
80% pure, yet more preferably 95% pure. 

For clarity of disclosure, and not by the way of limitation, the 
detailed description of the invention is divided into the following subsections: 

1 . Fibrin chains, fibrin chain precursors, fibrin and 
fibrin-homologs; 

2. Nucleotide sequences encoding fibrin 
chains precursors, fibrin chains an 
fibrinogen chains; 

15 3 - Nucleotide sequence encoding variant 

K-chains; 



10 



20 



25 



4. Expression of fibrin chains, fibrin chains precursors and 
fibrinogen chains; 

5. Identification and, purification of the expressed gene 
products; 

6. Antibodies to fibrin chains; 

7. In vitro assembly of fibrin, fibrin homologs, and their 
precursors; 



8 - Uses for the recombinant fibrin chains, fibrin and 
30 fibrin-homologs; 

9. Examples. 



35 1 • FIBRIN CHAINS, FIBRIN CHAIN PRECURSORS, 

FIBRIN AND FIBRIN HOMOLOGS 

Fibrin monomer and fibrin-homolog are complex proteins, 
each consisting of three pairs of non-identical polypeptides covalently linked 
40 by intrachain and interchain disulfide bonds. Three different types of fibrin 
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monomer are possible, fibrin I, fibrin II and des BB fibrin monomer. In fibrin I 
monomer, the three pairs of non-identical polypeptides are: 1) a-chain; 2) 
fibrinogen B/?-chain; and 3) p-chain. In fibrin II monomer, the three pairs of 
non-identical polypeptides are: 1) a-chain; 2) £-chain; and 3) K-chain. In des 
5 BB fibrin monomer, the three pairs of non-identical polypeptides are: 1) 
fibrinogen Aar-chain; 2) /?-chain; and 3) K-chain. 

Paralleling the three different types of fibrin monomer recited 
above, different types of fibrin-homoiog are possible, including fibrin 
l-homolog, fibrin ll-homolog and des BB fibrin-homoiog. The polypeptide 
10 compositions of these three types of fibrin-homoiog are identical to those of 
the three different fibrin monomers, except that in each type, modified 
K-chains substitute for K-chains. For example, a fibrin l-homolog can be the 
following three pairs of non-identical polypeptides: 1) fibrin o-chain, 2) 
fibrinogen B/?-chain, and 3) vK-chain. 

15 A fibrin chain of the invention can be any fibrin chain from a 

fibrin capable of forming a fibrin clot. Similarly, a fibrinogen chain of the 
invention can be any fibrinogen chain that can be processed by thrombin to 
produce a fibrin chain. The preferred chains are those of human fibrin chains 
and fibrinogen chains. For the nucleotide sequence and the deduced amino 

20 acid sequences of human fibrinogen chains, see Rixon et al., 1983, 
Biochemistry, 22:3237-3244; Chung et al., 1983, Biochemistry, 
22:3244-3250; Chung et al., 1983, Biochemistry, 22:3250-3256. 

A variant K-fibrin (v^-fibrin) chain is a K-fibrin chain with one 
or more mutations or deletions in its amino acid sequence. The mutation can 

25 be any that disrupts the formation of non-covalent bonds between a fibrin- 
homologs formed with the vy-fibrin chain such that the fibrin-homoiog cannot 
self-polymerize. Preferably, the fibrin-homoiog can form non-covalent bonds 
with fibrinogen or another fibrin-related protein. Preferably, the mutations or 
deletions disrupt the D-domain to E-domain inter-fibrin non-covalent bonding 

30 function of the fibrin formed with the VK-fibrin chain. Preferred mutations or 
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deletions are those that affect the inter-fibrin non-covalent bonding function 
of the D-domains. Particularly preferred are mutations that disrupt the 
K-chain's N-terminal-distal intrachain disulfide bond. Most preferred are 
mutations of cystine residues that form the disulfide bond, i.e., Cys352 or 
5 Cys365 of the human K-chain or their equivalent in other K-chains. These 
mutations can include a missense or an in-frame deletion removing either 
cystine residue. 

To construct non-naturally occurring K-chain-encoding nucleic 
acids, the native sequences can be used as a starting point and modified to 

10 suit particular needs. For instance, the sequences can be mutated to 

incorporate useful restriction sites. See Maniatis et al. Molecular Cloning, a 
Laboratory Manual (Cold Spring Harbor Press, 1989). Such restriction sites 
can be used to create "cassettes", or regions of nucleic acid sequence that 
are facilely substituted using restriction enzymes and ligation reactions. The 

1 5 cassettes can be used to substitute synthetic sequences encoding mutated y- 
chain amino acid sequences. Alternately, the K-chain-encoding sequence can 
be substantially or fully synthetic. See, for example, Goeddel et al., Proc. 
Natl. Acad. Sci. USA, 76, 106-110, 1979. For recombinant expression 
purposes, codon usage preferences for the organism in which such a nucleic 

20 acid is to be expressed are advantageously considered in designing a 
synthetic fibrin chain-encoding nucleic acid. 

Deletional or mutational methods of producing recombinant 
proteins that retain a given activity are well known. Thus, the fibrin- 
homologs of the present invention encompass analogs of fibrin that have the 

25 capacity to polymerize with fibrinogen. These analogs preferably retain all of 
the sequence of the K-chain that forms the coiled-coil region of the fibrin 
molecule. Preferably, the K-chains will be substantially identical to native y- 
chains in all but about the 272 C-terminal amino acid residues, more 
preferably in all but about the 1 50 C-terminal amino acid residues, yet more 
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preferably in all but about the 100 C-terminal residues, still more preferably in 
all but about the 83 C-terminal amino acid residues. 

Preferably, the amount of native sequence to be retained will 
be sufficient to preserve in a fibrin-homolog containing the deleted or mutated 
5 K-chain substantially all of the ability of a native fibrin to form non-covalent 
bonds with fibrinogen. The retained native sequence will preferably be 
sufficient to preserve in the fibrin-homolog the ability to form a clot with 
fibrinogen. The exact boundaries of the sequence that can be removed or 
mutated to satisfy these criteria can be determined using gene expression 

10 methods well known in the art. For instance, the nucleic acid encoding a 
putative minimal sequence for satisfying these criteria can be expressed and 
folded into fibrin-homolog using the methods described below, and the ability 
of the resulting fibrin-homolog to interact with fibrinogen can be tested. 

Those of ordinary skill will recognize that all of the fibrin 

15 chains described herein, including the deleted K-chains discussed above, can 
be mutated to some degree without substantially interfering with the 
functions described herein or otherwise associated with the respective fibrin 
chain. Preferably, such chains will have at least about 90% homology, 
preferably at least about 95%, more preferably at least about 98%, still more 

20 preferably at least about 99%, to a native fibrin chain. 

Mutational and deletional approaches can be applied to all of 
the nucleic acid sequences of the invention that express fibrin chains. As 
discussed above, conservative mutations are preferred. Such conservative 
mutations include mutations that switch one amino acid for another within 

25 one of the following groups: 

1 . Small aliphatic, nonpolar or slightly polar residues: 
Ala, Ser, Thr, Pro and Gly; 

2. Polar, negatively charged residues and their amides; 

3. Polar, positively charged residues; 

30 4 - Large aliphatic, nonpolar residues: Met, Leu, lie, Val 

and Cys; and 
5. Aromatic residues. 
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A preferred listing of conservative substitutions is the following: 



15 



Oriainal Residue 


Substitution 


Ala 


Gly, Ser 


Arg 


Lys 


Asn 


Gin, His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Glu 


Asp 


Gly 


Ala, Pro 


His 


Asn, Gin 


He 


Leu, Val 


Leu 


lie, Val 


Lys 


Arg, Gin, Glu 


Met 


Leu, Tyr, He 


Phe 


Met, Leu, Tyr 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr 


Tyr 


Trp, Phe 


Val 


He, Leu 



The types of substitutions selected can be based on the analysis of the 
25 frequencies of amino acid substitutions between homologous proteins of 
different species developed by Schulz et al., Principles of Protein Structure, 
Springer- Verlag, 1 978, on the analyses of structure-forming potentials 
developed by Chou and Fasman, Biochemistry 13, 21 1, 1974 and Adv. 
Enzymol, 47, 45-149, 1978, and on the analysis of hydrophobicity patterns in 



WO 95/29686 



PCT/US95/05527 



- 34 - 

proteins developed by Eisenberg et al. r Proc. Natl. Acad. Sci. USA 81, 140- 
144, 1984; Kyte & Doolittle; J. Molec. Biol. 157, 105-132, 1981, and 
Goldman et al., Ann. Rev. Biophys. Chem. 15, 321-353, 1986. 

A fibrin chain precursor of the invention consists of a 
5 heterologous leader peptide fused to the N-terminal of a fibrin chain. The 
leader peptide can comprise multiple distinct sequences and have multiple 
functions. The function of the leader peptide is to enable specific proteolytic 
cleavage of the fibrin chain precursor at the fusion junction between the 
leader peptide and the fibrin chain in order to release the fibrin chain with the 
10 correct N-terminal sequence. The invention also encompasses fibrin a- and /?- 
chains with N-terminal polypeptide extensions that differ from the A and B 
fibrinopeptides, respectively. These extended chains can lack thrombin 
recognition sequences and may or may not include other protease recognition 
sequences suitable for generating a- or ^-chains. 
1 5 Where cellular expression is used to produce a fibrin chain 

precursor, the leader peptide can comprise any leader sequence known to 
enable specific proteolytic cleavage of the leader sequence from the fibrin 
chain precursor in the expression host (see below). The leader peptide 
additionally can have sequence encoding a "pre" function for targeting the 
20 precursor protein containing said peptide to an intracellular compartment or, 
preferably, to the outside. Where cellular expression is used to product a 
fibrin chain with an N-terminal extension, the extension polypeptide can be 
susceptible to partial or complete cleavage during the expression process. 
Additionally, the extension polypeptide can function to target the expressed 
25 protein. 

Accordingly, the leader peptide of fibrin chain precursors or 
the N-terminal extensions can comprise the prepro sequence of any protein. 
In preferred embodiments, the prepro sequence is from a protein endogenous 
to the host cell or organism used to express the fibrin or fibrin-homologs or to 
30 a cell or organism evolutionary closely related to the host cell or organism 
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within which said prepro peptide is correctly recognized by the host. By the 
way of example and not limitation, listed below are proteins with prepro 
sequences that can be used in the construction of leader peptides of fibrin 
chain precursors. For expression in Saccharomyces the prepro (signal) 
5 sequence from the precursors of any of the following proteins can be used. 
Acid Phosphotase (PH05) (Perlman and Halvorsen, 1983, J. Molec. Biol., 
67:391-409; and a-Factor (Mia) (Julius et al., 1984, Cell, 36:309-318; Brake 
et al., 1984, Proc. Natl. Acad. Sci. USA, 81:4642-4646; See also Kingsman 
et al., 1985, Biotech, and Genet. Engineering Rev. , 3:377-416). For 
1 0 expression in Aspergillus the prepro (signal) sequence from the precursors of 
any of the following proteins can be used. Chicken lysozyme signal sequence 
(Tsuchiya et al., 1992, Appl. Microbiol. Biotechnol., 38:109-114); and 
glucoamylase (glnA) signal sequence (Jeenes et al., 1993, FEMS Microbiol 
Lett., 107:267-272; Ward et al., 1990, Biotechnol., 8:435-440). 

1 5 Further, where the cleavage recognition site of a prepro 

peptide is known, the peptide sequence of the cleavage recognition site can 
be used to form the carboxy-terminal of the leader peptide. Examples of 
specific cleavage recognition sites that have been used to construct cleavable 
leader peptides include the thrombin cleavage recognition site (J.Y. Chang, 

20 1985, Eur. J. Biochem., 151-217-224), factor Xa cleavage recognition 
cleavage site (Nagai and Thorgensen, 1984, Nature, 309:810-812), and 
KEX2 cleavage site (Julius et al., ibid). See Smith and Johnson, 1988, Gene, 
67:31-40, for examples of the use of thrombin and factor Xa cleavage 
recognition sites in forming cleavable leader peptides, and Kingsman et al., 

25 ibid for examples of the use of the KEX2 site. Preferred recognition sites are 
for proteases that are not derived from animals that are carriers or reservoirs 
for human pathogens, particularly viral pathogens. 

Further, the leader peptide or N-terminal extension can 
additionally comprise sequences with properties that facilitate the purification 

30 of the fibrin chain precursor. The desired property can be based on any 
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unique physical, chemical or biological property of the leader peptide that 
enables a selective separation of proteins that contain said peptide from those 
that do not. An example of such a "purification sequence" is a 
carboxyl-terminal portion of glutathione S-transferase (GST), which has a high 
5 affinity for glutathione. A fusion protein with a leader peptide comprising the 
GST purification sequence can be conveniently purified from cell extracts 
using glutathione-affinity columns. For a discussion of the use of GST 
purification sequence in the affinity purification of fusion proteins, see Smith 
and Johnson, ibid. Other purification sequences that can be used to form 
10 leader peptide useful in fusion protein purification include those to which 
there are readily available antibodies, e.g., /S-galactosidase. Additional 
examples of peptides that can be used to facilitate fusion protein purification 
include transcription factors (Gabrielson and Huet 1 993 Methods in 
Enzymology 218:508-525), phosphotyrosine-containing proteins and peptides 
1 5 (Frackelton et al., 1 991 , Methods in Enzymology, 201 :79-92), and serine 
kinases (J.R. Woodgett, 1991, Methods in Enzymology, 200:169-178). 

The leader peptide or N-terminal extension can be derived 
from a protein or polypeptide that has one or more of the aforementioned 
properties in the expression host. Alternatively, the leader peptide or N- 
20 terminal extension can be a composite of several different peptide sequences, 
each capable of conferring one or more of the aforementioned functions to 
the fibrin chain precursor in the expression host. In a composite leader 
peptide, the constituent sequences can be arranged in any order that 
preserves the full function of each sequence. Preferably, the sequence 
25 containing the protease cleavage recognition site forms the C-terminal of the 
composite leader peptide. 

Fibrin chain precursors, fibrin chains, fibrinogen chains, fibrin, 
fibrin-homologs and fibrinogen-analogs can be produced by chemical 
synthesis, genetic engineering of cells or a combination thereof. In particular, 
30 fibrin chain precursors, extended fibrin chains, fibrin chains and fibrinogen 
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chains can be chemically synthesized using procedures known in the art, such 
as commercially available peptide synthesizers and the like. Such standard 
techniques of polypeptide synthesis can be found described in such 
publications as Merrifield, 1963, J. Chem. Soc, 85:2149-2154 and 
Hunkapillar et al., 1984, Nature (London), 310: 105-111). 

In preferred embodiments, fibrin chain precursors, extended 
fibrin chains, fibrin chains and fibrinogen chains are produced by genetic 
engineering of cells and organisms (see below) . 

Fibrin monomers, fibrin-homologs and fibrinogen-analogs can 
be produced by in vitro processing of fibrin chain precursors (if necessary), 
and in vitro assembling of their constituent chains (i.e., fibrin chains and/or 
fibrinogen chains) into functional fibrin and fibrin-homologs (see Section 7.). 
Fibrin, fibrin-homologs and fibrinogen-analogs can also be produced by in vitro 
assembling of fibrin chains produced by genetic-engineering of cells and 
organisms. Further, fibrin monomers, fibrin-homologs and fibrinogen-analogs 
can also be produced completely in vivo, using genetic-engineered cells and 
organisms (see below). That is, genetic-engineered cells and organisms can 
be used to express and process the fibrin precursor chains and to assemble 
the resulting fibrin chains into fibrin monomers, fibrin-homologs and 
20 fibrinogen-analogs. 

2. NUCLEOTIDE SEQUENCES ENCODING FIBRIN 
CHAIN PRECURSORS, FIBRIN CHAINS AND 
FIBRINOGEN CHAINS 

25 " ■ " 

The invention provides for nucleotide sequences which can 
be used to produce expression constructs useful in recombinant production of 
fibrinogen chains, fibrin chains, fibrin chain precursors, fibrin monomers, 
fibrin-homologs and fibrinogen-analogs. The properties of the nucleotide 
30 sequences provided herein are as varied as are the genetic structures of the 
various host cells and organisms that can be used to produce the fibrinogen 
chains, fibrin chains, fibrin chain precursors, fibrin monomers, fibrin-homologs 
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and fibrinogen-anaiogs of the invention. The preferred embodiments will 
describe a number of features which an artisan will recognize as not being 
absolutely essential, but clearly advantageous. These include methods of 
isolation, synthesis or construction of nucleotide sequences and gene 
5 constructs, the manipulations of the sequences and constructs to be 

introduced into host cells and organisms, certain features of the sequences 
and constructs, and certain features of the vectors associated with the 
sequences and constructs. 

Fibrinogen chains, fibrin chains, fibrin monomers, fibrin- 
10 homologs and fibrinogen-anaiogs can be produced by expressing, in a host 
cell or organism, the appropriate combination of expression constructs 
encoding fibrinogen chains, fibrin chains and fibrin chain precursors. See 
section 1 for the various combinations of polypeptide chains that form fibrin I 
monomers, fibrin II monomer, des BB fibrin monomer, fibrin l-homolog, fibrin 
15 ll-homolog and des BB fibrin-homolog. Because a-chain and £-chain do not 
have a N-terminal methionine, their production by gene expression requires 
the use of constructs encoding cr-chain precursors and /?-chain precursors with 
leader peptides that can be cleaved off either in vitro or in vivo and thereby 
yielding the correct N-terminal sequence. 
20 Nucleotide sequences encoding fibrinogen chains, fibrin 

chains, fibrin chain precursors and fibrin chains with N-terminal extensions 
can be constructed using any known method. The construction can use a 
single method or a combination of methods. The desired nucleotide 
sequences can be synthesized based on known or deduced amino acid 
25 sequences of the fibrin chains, fibrinogen chains and, in the instance of 

precursor chains, the combined sequences of the fibrin chain and the leader 
peptide. That is, the amino acid sequence is reverse-translated, from the 
genetic code, from the desired polypeptide sequence into one or more 
nucleotide sequences. See above for references containing amino acid 
30 sequences of fibrin chains and fibrinogen chains and leader peptides that can 
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be used in such reverse-translations. In preferred embodiments, the codons 
usage of the reverse-translated coding sequence is in accordance with the 
preferred codon usage of the host cell or organism used to express the 
encoded polypeptide. 
5 The synthesis of the desired nucleotide sequences can be 

achieved by standard chemical methods known in the art (e.g., see 
Hunkapillar et al., 1984, Nature, 310:105-1 1 1). Alternatively, the nucleotide 
sequence can be synthesized using polymerase chain reaction (PCR) 
amplification used in conjunction with chemically synthesized oligonucleotide 
10 primer fragments. For a review of PCR techniques, see for example, Gelfind, 
1989, PCR Technology. Principles and Applications for DNA Amplification, 
Ed., H.A. Erlich, Stockton Press, N.Y.; Current Protocols in Molecular Biology, 
1988, Vol. 2, Ch. 15, Eds. Ausubel et al., John Wiley & Sons; and Horton 
et al., 1989, Gene, 77:61-68. 

1 5 Nucleotide sequences encoding fibrin chains, fibrinogen 

chains, fibrin chain precursors and fibrin chains with N-terminal extensions 
can also be constructed using recombinant DNA methodologies well known in 
the art. See, e.g., the techniques described in Sambrook et al., 1989, 
Molecular Cloning: A Laboratory Manual, 2nd. ed., Cold Spring Harbor 

20 Laboratory, Cold Spring Harbor, New York. Recombinant DNA methodologies 
can also be used to maintain, manipulate and/or recombine nucleotide 
sequences produced by other methods, e.g., chemical synthesis and PCR. 

The construction of the desired nucleotide sequences using 
recombinant DNA methodology can be achieved by manipulating available 

25 cloned sequences of fibrinogen chains, fibrin chains and leader peptides. Such 
cloned sequences can be used directly in the construction, for example, by 
restriction digestion and ligation (see below). 

Alternatively, the cloned sequences can also be used to 
construct nucleotide probes and the probes used to isolate genomic or cDNA 

30 clones encoding the desired chain or leader peptide from the appropriate 
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genomic or cDNA libraries using standard methods. Such methods include, 
for example, the method set forth in Benton and Davis, 1 977, Science, 
196:180, for bacteriophage libraries, and Grunstein and Hogness, 1975, Proc. 
Natl. Acad. Sci. U.S.A., 72:3961-3965, for plasmid libraries. Moreover, the 
5 nucleotide sequences can also be used to construct PCR oligonucleotide 
primers that can be used to amplify sequences encoding the desired chain, 
leader peptide or N-terminal extension from the appropriate genomic or cDNA 
library or genomic DNA. PCR can be carried out, e.g., by use of a 
Perkin-Elmer Cetus thermal cycler and Taq polymerase (Gene Amp™). The 

10 nucleic acid being amplified can include mRNA or cDNA or genomic DNA. 
One can choose to synthesize several different degenerate primers for use in 
the PCR reactions. It is also possible to vary the stringency of hybridization 
conditions used in priming the PCR reactions, to allow for greater or lesser 
degrees of nucleotide sequence similarity between the unknown nucleotide 

1 5 sequence encoding fibrin chain, fibrinogen chain or leader peptide-containing 
protein and the nucleic acid homolog being isolated. After successful 
amplification of a segment of a desired coding sequence, that segment can be 
molecularly cloned and sequenced, and utilized as a probe to isolate a 
complete cDNA or genomic clone. It can also be used to design PCR primers 

20 for use in 5' RACE procedures that can be used to amplify sequence that is 
found, in the starting nucleic acid, adjacent to the originally amplified 
segment. For 5' RACE methods, see Frohman, "Rapid Amplification of cDNA 
for Generation of Full-Length cDNA," Methods in Enzymology, 218:340-356, 
1993. 

25 Ar| y human cell (or cell derived from another fibrin-producing 

organism) potentially can serve as the nucleic acid source for the molecular 
cloning of sequences encoding fibrin chains and fibrinogen chains. Any cell or 
organism potentially can serve as the nucleic acid source for the cloning of 
sequences encoding the proteins that can serve as sources of components of 

30 leader peptides. The preferred source of "leader peptide components" is the 
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host cell or organism used to express the fibrin chain, fibrin chain precursor or 
fibrin-homolog. The DNA can be obtained by standard procedures known in 
the art from cloned DNA (e.g., a DNA "library"), by cDNA cloning, or by the 
cloning of genomic DNA, or fragments thereof, purified from the desired cell. 
5 (See, for example, Sambrook et al., 1989, Molecular Cloning, A Laboratory 
Manual, 2d Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
New York; Glover, D.M. (ed.), 1985, DNA Cloning: A Practical Approach, 
MRL Press, Ltd., Oxford, U.K. Vol. I, II). Clones derived from genomic DNA 
can contain regulatory and intron DNA regions in addition to coding regions; 

10 clones derived from cDNA will lack introns and will contain only exon 

sequences. Whatever the source, the coding sequence should be molecularly 
cloned into a suitable vector for propagation of the sequence. 

In the molecular cloning of coding sequence from genomic 
DNA, DNA fragments are generated, some of which will encode the desired 

15 sequence. The DNA can be cleaved at specific sites using various restriction 
enzymes. Alternatively, one can use DNase in the presence of manganese to 
fragment the DNA, or the DNA can be physically sheared, as for example, by 
sonication. The linear DNA fragments can then be separated according to size 
by standard techniques, including but not limited to, agarose and 

20 polyacrylamide gel electrophoresis and column chromatography. 

Once the DNA fragments are generated, identification of the 
specific DNA fragment containing the desired coding sequence can be 
accomplished in a number of ways. For example, if an amount of a portion of 
a fibrin chain gene or its specific RNA is available and can be purified, or 

25 synthesized, and labeled, the generated DNA fragments can be screened by 
nucleic acid hybridization to the labeled probe (Benton and Davis, 1977, 
Science, 196:180; Grunstein and Hogness, 1975, Proc. Natl. Acad. Sci. 
U.S.A., 72:3961). Those DNA fragments with substantial homology to the 
probe will hybridize. It is also possible to identify the appropriate fragment by 

30 restriction enzyme digestion(s) and comparison of fragment sizes with those 
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expected according to a known restriction map, either available or deduced 
from a known nucleotide sequence. Further selection can be carried out on 
the basis of the properties of the gene. Alternatively, the presence of the 
gene can be detected by assays based on the physical, chemical, or 
5 immunological properties of its expressed product. For example, cDNA 

clones, or DNA clones which hybrid-select the proper mRNAs, can be selected 
which produce a protein that, for instance, has similar or identical 
electrophoretic migration, isolectric focusing behavior, proteolytic digestion 
maps, binding activity, or antigenic properties as known for a fibrin chain, 

10 fibrinogen chain or leader peptide-containing protein. By use of an antibody to 
the desired protein, the protein can be identified by binding of labeled 
antibody to the putative fibrin chain, fibrinogen chain or leader 
peptide-containing protein synthesizing clones, in an ELISA (enzyme-linked 
immunosorbent assay)-type procedure. 

1 5 Sequences encoding a fibrin chain, fibrinogen chain or leader 

peptide-containing protein can also be identified by mRNA selection by nucleic 
acid hybridization followed by in vitro translation. In this procedure, 
fragments are used to isolate complementary mRNAs by hybridization. 
Immunoprecipitation analysis of the in vitro translation products of the 

20 isolated products of the isolated mRNAs identified the mRNA and, therefore, 
the complementary DNA fragments that contain the desired sequences. In 
addition, specific mRNAs can be selected by adsorption of polysomes isolated 
from cells to immobilized antibodies specifically directed against a fibrin chain, 
fibrinogen chain or leader peptide-containing protein. A radiolabelled cDNA 
25 encoding fibrin chain, fibrinogen chain or leader peptide-containing protein can 
be synthesized using the selected mRNA (from the adsorbed polysomes) as a 
template. The radiolabelled mRNA or cDNA can then be used as a probe to 
identify the fragments encoding fibrin chain, fibrinogen chain or leader 
peptide-containing protein from among other genomic DNA fragments. 
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The identified and isolated coding sequence can then be 
inserted into an appropriate cloning vector. A large number of vector-host 
systems known in the art can be used. Possible vectors include, but are not 
limited to, plasmids, cosmids, or modified viruses or bacteriophages, but the 
5 vector system must be compatible with the host cell used. Such vectors 
include, but are not limited to, bacteriophages such as lambda and T4 phage 
derivatives, or plasmids such as pBR322 or pUC plasmid derivatives. The 
insertion into a cloning vector can, for example, be accomplished by ligating 
the DNA fragment into a cloning vector which has complementary cohesive 

10 termini. However, if the complementary restriction sites used to fragment the 
DNA are not present in the cloning vector, the ends of the DNA molecules 
can be enzymatically modified for instance, to allow for blunt-end ligation. 
Alternatively, any site desired can be produced by ligating nucleotide 
sequences (linkers) onto the DNA termini; these ligated linkers can comprise 

1 5 specific chemically synthesized oligonucleotides encoding restriction 

endonuclease recognition sequences. In an alternative method, the cleaved 
vector and sequence to be cloned can be modified by homopolymeric tailing. 
Recombinant molecules can be introduced into host cells via transformation, 
transfection, infection, electroporation, etc., so that many copies of the gene 

20 sequence are generated. 

In an alternative method, the desired sequence can be 
identified and isolated after insertion into a suitable cloning vector in a "shot 
gun" approach. Enrichment for the desired coding sequence, for example, by 
size fractionation, can be done before insertion into the cloning vector. 

25 In specific embodiments, transformation of host cells with 

recombinant DNA molecules that incorporate the isolated fibrin chain, 
fibrinogen chain, leader peptide or N-terminal extension coding sequence, or 
synthetic DNA sequence enables generation of multiple copies of the gene. 
Thus, the gene can be obtained in large quantities by growing transformants, 
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isolating the recombinant DNA molecules from the transformants and, when 
necessary, retrieving the inserted gene from the isolated recombinant DNA. 

Cloned and synthesized nucleotide sequences encoding the 
fibrin chains fibrinogen chains and leader peptide-containing proteins can be 
5 further manipulated and used to construct sequences encoding the desired 
precursor chains using standard recombinant DNA methodologies. For 
example, where the desired leader peptide or N-terminal extension comprises 
peptide sequences from several different proteins {see above), the nucleotide 
sequences encoding each peptide can be spliced together into a continuous 

10 coding sequence and the composite coding sequence in turn spliced to the 5' 
end of a fibrin chain coding sequence. Such splicing can utilize any strategy 
known in the art, including the use of restriction endonuclease sites present 
on the respective coding sequences, artificial restriction sites introduced by in 
vitro mutagenesis or PCR amplification or restriction endonuclease sites on 

1 5 linkers ligated to the ends of cloned fragments. Similarly, since sequences 
derived from genomic DNA and cDNA can contain regulatory, leader RNA, 
intron and/or trailer RNA sequences that are not desirable in a fibrin chain 
precursor or fibrinogen chain construct, such extraneous sequences can be 
removed by any known recombinant DNA methodology including those 

20 discussed above. 



3. NUCLEOTIDE SEQUENCES ENCODING 
VARIANT y-CHAINS 

25 The production and use of variant K-chains (vK-chains) are 

also envisioned and within the scope of the present invention. As discussed 
in Section 1 , vK-chain which result in the loss of fibrin D-domain function 
include but are not limited to any variant containing a mutation that disrupts 
the N-terminal distal intramolecular disulfide bond of the K-chain. Particularly 

30 desireable mutations include missense mutations of Cys352 and/or Cys365 
residue in the human K-chain or the equivalent Cys in other K-chains, or 
in-frame deletions removing the same residues. For example, useful missense 
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mutations include those that result in an alanine or valine residue at one or 
both cystine sites. Additional useful mutations include but are not limited to 
any that alter the secondary and/or tertiary conformation of the VK-chain at or 
near the Cys352 or Cys365 sites. These structural alterations can be such 
5 that the Cys residues cannot form an intrachain disulfide bond when the 
VK-chain is incorporated into a fibrin or fibrinogen molecule. 

The vK-chains can be produced by various methods known in 
the art. The manipulations which result in their production can occur at the 
gene or protein level. The p-chains can be altered at the gene level by 
10 site-specific mutagenesis using procedures known in the art. One approach 
that can be taken involves the use of synthetic oligonucleotides to construct 
variant p-chains with base substitutions. In one embodiment, an 
oligonucleotide containing the desired mutation is synthesized and annealed to 
the single-stranded form of the wild-type K-chain sequence (Zoller and Smith, 

15 1984, DNA, 3:479-488). The resulting short heteroduplex can serve as 
primer for second strand synthesis by DNA polymerase. At the 5' end, a 
single-stranded nick is formed which is closed by DNA ligase. In another 
embodiment, two complementary oligonucleotides are synthesized, each 
containing the mutant sequence. The duplex that forms after annealing these 

20 complementary oligonucleotides, can be joined to a larger DNA molecule by 
DNA ligase provided that the ends of both molecules have complementary 
single-stranded "sticky" ends. Another approach that can be taken involves 
introducing a small single-stranded gap in the DNA molecule followed by 
mis-repair DNA synthesis i.e., the misincorporation of a non-complementary 

25 nucleotide in the gap (Botstein and Shortle, 1985, Science, 229:1 193). The 
incorporation of a thiol nucleotide into the gap can minimize the excision of 
the non-complementary nucleotide. Alternatively, a variant K-chain coding 
sequence can be prepared by chemically synthesizing the DNA using 
procedures known in the art (see, for example, Froehler, 1 986, Nucl. Acids 

30 Res., 14: 5399-5407 and Caruthers et a!., 1982, Genetic Engineering, J.K. 
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Setlow and A. Hollaender eds., Plenum Press, New York, vol. 4, pp. 1-17). In 
a preferred embodiment, fragments encoding segments of the variant K-chain 
are chemically synthesized and these fragments are subsequently ligated 
together. The resulting variant K-chain coding strands can be amplified using 
5 procedures known in the art, for instance PCR technology, and subsequently 
inserted into a cloning vector as described in Section 2. In a specific 
embodiment, site-specific mutants can be created by introducing mismatches 
into the oligonucleotides used to prime the PCR amplification (Jones and 
Howard, 1990, Biotechniques, 8:178-180). 

10 Numerous ways of creating deletion mutants are well known 

in the art. See, for example, Sambrook et al., Molecular Cloning: A 
Laboratory Manual, 2nd ed., Cold Spring Harbor Press, 1989. These include, 
without limitation, methods making use of fortuitous restriction sites, exo- 
nuclease digestion strategies and amplifying partial-length sequences using 

1 5 PCR methods. 



4. EXPRESSION OF FIBRIN CHAINS, FIBRIN 

CHAINS WITH N-TERMINAL EXTENSIONS AND 
FIBRINOGEN CHAINS 

20 — 

A nucleotide sequence coding for a fibrin chain, fibrin chain 
precursor, fibrin chain with an N-terminal extension or fibrinogen chain of the 
invention can be inserted into an appropriate expression vector, i.e. a vector 
which contains the necessary elements for the transcription and translation of 

25 the inserted protein-coding sequence. A variety of host-vector systems can 
be utilized to express the protein-coding sequence. These include but are not 
limited to mammalian cell systems infected with virus (e.g. vaccinia virus, 
adenovirus, retrovirus, etc.); insect cell systems infected with virus (e.g., 
baculovirus); plants or plant cells transformed with DNA or T-DNA vectors or 

30 transfected with viruses; microorganisms such as yeast or fungi containing 
yeast or fungal vectors, or bacteria transformed with bacteriophage, DNA, 
plasmid DNA or cosmid DNA. 
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The expression elements of vectors vary in their strengths 
and specificities. Depending on the host-vector system utilized, any one of a 
number of suitable transcription and translation elements can be used. 
Specific embodiments of the invention include the expression of each and 
5 every constituent chain of the fibrin and fibrin-homolog on the invention. 
Additional embodiments of the invention include simultaneous expression of 
particular combinations of fibrin chain, fibrin chain precursors, extended fibrin 
chains and fibrinogen chains that would enable production of complete and 
functional fibrin, fibrin-homologs or fibrinogen-analogs. 

10 Any of the methods described herein for the insertion of DNA 

fragments into a vector can be used to construct expression vectors 
containing a chimeric gene consisting of appropriate transcriptional/ 
translational control signals and the protein coding sequences. These 
methods can include in vitro recombinant DNA and synthetic techniques and 

15 in vivo recombination techniques (genetic recombination). Expression of a 
nucleotide sequence encoding a fibrin chain, fibrin chain precursor, fibrin 
chain with an N-terminal extension or fibrinogen chain can be regulated by a 
second nucleotide sequence so that the fibrin chain, fibrin chain precursor and 
fibrinogen chain is expressed in a host transformed with the recombinant DNA 

20 molecule. For example, expression of the desired protein can be controlled by 
any promoter/enhancer element known in the art. Promoters which can be 
used to control expression of the desired fibrin and fibrinogen chains include, 
but are not limited to, the SV40 early promoter region (Bernoist and 
Chambon, 1981, Nature, 290:304-310), the promoter contained in the 3' 

25 long terminal repeat of Rous sarcoma virus (Yamamoto, et al., 1980, Cell, 
22:787-797), the herpes thymidine kinase promoter (Wagner et al., 1981, 
Proc. Natl. Acad. Sci. U.S.A., 78:1441-1445), the regulatory sequences of 
the metallothionein gene (Brinster et al., 1982, Nature, 296:39-42) 
prokaryotic expression vectors such as the ^-lactamase promoter 

30 (Villa-Kamaroff, et al., 1978, Proc. Natl. Acad. Sci. U.S.A., 75:3727-3731), 
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the tac promoter (DeBoer, et al., 1983, Proc. Natl. Acad. Sci. U.S.A., 
80:21-25), the trpE promoter; see also "Useful proteins from recombinant 
bacteria" in Scientific American, 1980, 242:74-94; plant expression vectors 
comprising the opine synthetase promoter regions (Herrera-Estrella et al., 
5 Nature, 303:209-213) or the cauliflower mosaic virus 35S RNA promoter 
(Gardner, et al., 1981, Nucl. Acids Res., 9:2871), and the promoter of the 
photosynthetic enzyme ribulose biphosphate carboxylase (Herrera-Estrella 
et al., 1984, Nature, 310:115-120); promoter elements from the following 
animal transcriptional control regions, which exhibit tissue specificity and 
10 have been utilized in transgenic animals: elastase I gene control region which 
is active in pancreatic acinar cells (Swift et al., 1984, Ceil, 38:639-646; 
Ornitz et al., 1986, Cold Spring Harbor Symp. Quant. Biol., 50:399-409; 
MacDonald, 1987, Hepatology, 7:425-515); insulin gene control region which 
is active in pancreatic beta cells (Hanahan, 1985, Nature, 315:115-122), 
15 immunoglobulin gene control region which is active in lymphoid cells 

(Grosschedl et al., 1984, Cell, 38:647-658; Adames et al., 1985, Nature, 
318:533-538; Alexander et al., 1987, Mol. Cell. Biol., 7:1436-1444), mouse 
mammary tumor virus control region which is active in testicular, breast, 
lymphoid and mast cells (Leder et al., 1986, Cell, 45:4ss-4s5)/ albumin gene 
20 control region which is active in liver (Pinkert et al., 1 987, Genes and Devel., 
1:268-276), alpha-fetoprotein gene control region which is active in liver 
(Krumlauf et al., 1985, Mol. Cell. Biol., 5:1639-1648; Hammer et al., 1987, 
Science, 235:53-58); alpha 1 -antitrypsin gene control region which is active 
in the liver (Kelsey et al., 1987, Genes and Devel., 1:161-171), beta-globin 
25 gene control region which is active in myeloid cells (Mogram et al., 1985, 
Nature, 315:338-340; Kollias et al., 1986, Cell, 46:89-94); myelin basic 
protein gene control region which is active in oligodendrocyte cells in the 
brain (Readhead et al., 1987, Cell, 48:703-712); myosin light chain-2 gene 
control region which is active in skeletal muscle (Sani, 1 985, Nature, 
30 314:283-286), and gonadotropic releasing hormone gene control region 
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which is active in the hypothalamus (Mason et al., 1986, Science, 234:1372- 
1378). 

In preferred embodiments, the host system is a fungus, such 
as a yeast or filamentous fungus. Such systems for heterologous protein 
5 expression are highly advanced. Useful Saccharomyces cerevisiae expression 
vectors (and promoters) and hosts include any of those described by 
Kingsman et al., 1985, Biotech, and Genet. Engineering Rev., 3:377-416; or 
S.C. Emr, 1990, Meth. Enzymology, 185:231. Useful non-Saccharomyces 
yeast expression vectors and hosts include any of those described by Reiser 
10 et al., 1990, Adv. Biochem. Engineering Biotechn. , 43: 75-102 . Aspergillus 
vectors and hosts are also preferred expression systems for the present 
invention. Useful Aspergillus vectors and hosts include, but are not limited 
to, those described by Chevalet et al., 1993, J. Biotechn., 27:239-246. {A. 
flavius expression vectors and host strains); Jeenes et al., 1993, FEMS 

15 Microbiol. Lett., 107:267-272, Verdoes et al., 1993, Transgenic Res., 
2:84-92, Archer et al., 1992, Biotechn. Lett., 14:357-362, Roberts et al., 
1992, Biotechn. Lett., 14:897-902, Khanh et al., 1992, Biotechn. Lett., 
14:1047-1052, and Sharif et al., 1992, Appl. Microbiol. Biotechn., 
38:1 15-1 16 (A. niger expression vectors and hosts); Lachmund et al., 1993, 

20 Current Microbiol., 26:47-51, and Ward et al., 1992, Gene, 122:219-223 (A. 
nidulans expression vectors and hosts), Ward et al., ibid., and Tsuchiya et al., 
1992, Appl. Microbiol Biotechnol., 38:109-1 14 (A. oryzae expression vectors 
and hosts). Particularly preferred hosts for in vivo production and secretion of 
fibrin and fibrin-homologs are host cells that can grow at pH 4.0 or lower. 

25 The low pH of the desired cultures may result from the acidic metabolisms of 
such hosts, i.e., production of acids, or artificial addition of acids to the 
culture media. Accordingly useful hosts include, but are not limited to, any of 
the Saccharomyces, Aspergillus, Streptococcus, Lactobacillus and Candida 
genera. 
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Expression vectors containing fibrin chain, fibrin chain 
precursor and fibrinogen chain inserts can be identified by three general 
approaches: (a) nucleic acid hybridization, (b) presence or absence of 
"marker" gene functions, and (c) expression of inserted sequences. In the 
5 first approach, the presence of a polypeptide coding sequence inserted in an 
expression vector can be detected by nucleic acid hybridization using probes 
comprising sequences that are homologous to the inserted sequence. In the 
second approach, the recombinant vector/host system can be identified and 
selected based upon the presence or absence of certain "marker" gene 

10 functions (e.g., thymidine kinase activity, resistance to antibiotics, 

transformation phenotype, occlusion body formation in baculovirus, and the 
like) caused by the insertion of heterologous sequence in the vector and the 
transformation of the host by the vector. For example, if a fibrin chain coding 
sequence is inserted within the marker gene sequence of the vector, 

1 5 recombinants containing the fibrin chain insert can be identified by the 
absence of the marker gene function. In the third approach, recombinant 
expression vectors can be identified by assaying the heterologous gene 
product expressed by the host cell. Such assays can be based, for example, 
on the physical or functional properties of the expression construct products 

20 in in vitro assay systems, e.g., fibrin polymer formation (see Hartwig and 
Danishefsky, 1991, J. Biol. Chem., 266:6578-6585), immunoassays using 
antibodies directed to a fibrin chain, fibrin chain precursor or fibrinogen chain. 

Once a particular recombinant DNA molecule is identified and 
isolated, several methods known in the art can be used to propagate it. Once 

25 a suitable host system and growth conditions are established, recombinant 

expression vectors can be propagated and prepared in quantity. As previously 
explained, the expression vectors which can be used include, but are not 
limited to, the following vectors or their derivatives: human or animal viruses 
such as vaccinia virus or adenovirus; insect viruses such as baculovirus; yeast 
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vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA 
vectors, to name but a few. 

In addition, a host cell strain can be chosen which modulates 
the expression of the inserted sequences, or modifies and processes the gene 
5 product in the specific fashion desired. Expression from certain promoters 
can be elevated in the presence of certain inducers; thus, expression of the 
genetically engineered fibrin chain, fibrin chain precursor and fibrinogen chain 
protein can be controlled. Furthermore, different host cells and organisms 
have characteristics and specific mechanisms for the translational and 

10 post-translational processing and modification (e.g., cleavage) of proteins. 
Appropriate cell lines or host systems can be chosen to ensure the desired 
modification and processing of the foreign protein expressed. Since different 
vector/host expression systems can effect processing reactions such 
as proteolytic cleavages to different extents, such differences afford 

1 5 opportunities to control the final protein product produced. 

In specific embodiments, the host cell or organism is capable 
of recognizing both the targeting ("pre") and specific cleavage ("pro") signal 
sequences on the N-terminai extension or leader peptide. Such a host, when 
used to express a construct encoding a single fibrin chain precursor, would 

20 produce and secrete a mature (i.e., proteolytically processed) fibrin chain or a 
fibrin chain with a shortened N-terminal extension. The same host, when 
used to express constructs encoding the requisite fibrin chain precursors, 
fibrin chains and fibrinogen chains that comprise a fibrin or fibrin-homolog, 
would produce and secret a mature fibrin monomer, fibrin-homolog or 

25 fibrinogen-analog. In this regard, Aspergillus hosts are particularly preferred 
as they are highly versatile in correctly recognizing and processing targeting 
and cleavage signal from heterologous sources, ranging from bacteria to 
mammalian origin. See Gwynne et al., 1987, BiotechnoL, 5:369-376; 
Upshall et al., 1987, BiotechnoL, 5:1301-1304; Ward et al., 1992, Gene, 
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122:219-223; Tsuchiya et al„ 1992, Appl. Microbiol. Biotechnol., 
38:109-1 14. 

In other embodiments, the host cell or organism is capable of 
recognizing the targeting ("pre") but not a specific cleavage ("pro") signal 
5 sequences on the N-terminal extension or leader peptide. Such a host, when 
used to express a construct encoding a single fibrin chain precursor or fibrin 
chain with an N-terminal extension, secrets a fibrin chain precursor or fibrin 
chain with an N-terminal extension. The same host, when used to express 
constructs encoding the requisite fibrin chain precursors, N-terminally 
10 extended fibrin chains, fibrin chains and fibrinogen chains that comprise a 
fibrin monomer, fibrin-homolog, or fibrinogen-analog secretes a precursor of 
fibrin monomer, a precursor of fibrin-homolog or a fibrinogen-analog. The 
fibrin chain precursor, fibrin monomer precursor or fibrin-homolog precursor 
thus produced can be further processed in vitro (i.e. cleaved with the 
1 5 appropriate processing protease) to produce the corresponding mature 

polypeptide or protein. For example, where the leader peptide of the fibrin 
chain, fibrin monomer or fibrin-homolog precursor contains a factor X a 
recognition site, the leader peptide(s) can be cleaved by in vitro digestion with 
factor Xa. See Smith and Johnson, ibid. 
20 In further embodiments, the host cell or organism is 

incapable of recognizing a targeting ("pre") or a specific cleavage ("pro") 
signal sequence on the leader peptide of the fibrin chain precursor or fibrin 
chain with an N-terminal extension. Such a host, when used to express a 
construct encoding a fibrin chain precursor or fibrin chain with an N-terminal 
25 extension, would produce and sequester a fibrin chain precursor or an 
otherwise extended fibrin chain. The same host, when used to express 
constructs encoding the requisite fibrin chain precursors, N-terminally 
extended fibrin chains, fibrin chains and fibrinogen chains that comprise a 
fibrin monomer, fibrin-homolog or fibrinogen-analog, would produce and 
30 sequester a precursor of fibrin, a precursor of fibrin-homolog or a fibrinogen- 
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analog. The fibrin chain, fibrin or fibrin-homolog precursors thus produced 
can be harvested from the host cell and further processed in vitro (i.e. cleaved 
with the appropriate processing protease) to produce the corresponding 
mature polypeptide or protein. 
5 The invention also provides for engineering the host cell or 

organism, where appropriate, with the required secretory and/or processing 
functions that would allow for the secretion and/or processing of the fibrin 
chain precursors or the fibrin monomers and fibrin-homologs comprising such 
precursors. For example, where the leader peptide of a fibrin chain precursor 

10 comprises a factor X a or thrombin cleavage recognition site, the host cell or 
organism can be engineered with a expression construct encoding factor X a or 
thrombin so as to enable the proper cleavage of the leader peptide from a 
fibrin chain precursor or the precursor of fibrin or fibrin-homolog assembled 
from such fibrin chain precursors. Similarly, where the transport or membrane 

15 function for a particular targeting sequence has been identified, that function 
can be introduced into a secretory deficient host cell or organism by genetic 
engineering or, where possible, by traditional genetic manipulations in order to 
enable the desired targeting or secretion of leader peptide containing proteins, 
whether they be fibrin chain precursors or precursors of fibrin, fibrin-homologs 

20 or fibrinogen-analogs. 

5. IDENTIFICATION AND PURIFICATION OF THE 
EXPRESSED GENE PRODUCTS 

Once an expression construct for a particular coding 

25 sequence is identified, the expression of the desired gene product can be 

analyzed and the protein product purified. Analysis of the expressed product 

can be achieved by assays based on the physical or functional properties of 

the product, including sedimentation centrifugation; immunoassays such as 

western blots and ELISA using gene-product specific antibodies (see Section 

30 6.); HPLC; gel electrophoresis; fibrin polymer formation (Hartwig and 

Danishefsky, ibid.); etc. 
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Fibrin chain precursor, fibrin chain, fibrin monomer, 
fibrin-homolog or fibrinogen-analog can be isolated and purified from 
contaminants by standard methods including chromatography (e.g., ion 
exchange, affinity, and sizing column chromatography), centrifugation, 
5 differential solubility, or by any other standard technique for the purification 
of proteins. See Murano et al., 1971, FEBS Lett., 14:37-41 for a procedure 
that separates the individual fibrin chains using CM/cellulose chromatography. 
Where the leader peptide or N-terminal extension contains a 
"purification-facilitating" moiety or sequence, the fibrin chain precursor, N- 

10 terminally extended fibrin chain, fibrin precursor, fibrin-homolog precursor or 
fibrinogen-analog can be purified using the corresponding affinity method 
(e.g., a gluthionine column for proteins containing a GST-derived leader 
peptide, an antibody column or immunoprecipitation for proteins containing a 
leader peptide to which specific antibodies exist, etc.). Further, the individual 

1 5 fibrin chains, fibrin chain precursors or extended fibrin chains can be purified 
using immunoaffinity methods using monoclonal or polyclonal antibodies 
specific for the individual fibrin chains (i.e., a-, J3- y- or VK-chain) (See Section 
6.). 

Fibrin monomers, fibrin-homologs and fibrinogen-analogs and 
20 their precursors can also be purified based on their ability to spontaneous 
form "soluble" non-covalently bonded polymers. In specific embodiments, 
precursors of fibrin monomers, fibrin-homologs and fibrinogen-analogs (i.e., 
with leader peptide or N-terminal extension present on one or more of their 
constituent chains) can be in vitro processed with the appropriate "cleavage 
25 site specific" protease (e.g., factor Xa or thrombin). The in vitro or in vivo 
processed fibrin monomer and fibrin-homolog can be initially purified using 
any of the aforementioned, conventional biochemical procedures in buffers 
that prevent polymerization (for instance, buffers having pH s£ 4.0). When 
fibrin monomers or self-polymerizable fibrinogen-analogs are produced, the 
30 fibrin monomers or fibrinogen-analogs are then allowed to polymerize by 
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neutralizing the buffer and purified by filtration through any suitable filter that 
can separate the fibrin polymer from any soluble contaminates. Suitable 
filters include a sintered polypropylene 20 micron pore size filter from Porex, 
Inc., a teflon 20-70 micron pore size filter from Fluorotechniques, Inc. or a 
5 nylon 66 22-46 micron pore size filter from Costar, Inc. The functional 
properties of the fibrin chain, fibrin monomer, fibrin-homolog or fibrinogen- 
analog produced can be evaluated using any suitable assay, including, but not 
limited to, assembly into a fibrin, fibrin-homolog or fibrinogen-analog and fibrin 
polymer formation. 

10 

6. ANTIBODIES TO FIBRIN CHAINS 

Substantially pure fibrin chain preparations produced by using 
any known methods can be used as immunogens to generate specific 
antibodies to each fibrin chain (i.e., a, /? y or VKchain) and to their precursors. 

15 Such antibodies can be polyclonal, monoclonal, chimeric, single chain, Fab 
fragments, or from a Fab expression library. Various procedures known in the 
art can be used for the production of polyclonal antibodies to a fibrin chains. 
In particular embodiments, rabbit polyclonal antibodies to each fibrin chain 
can be obtained. For the production of antibody, various host animals can be 

20 immunized by injection with a recombinantly produced fibrin chain, or a 
synthetic version, or fragment thereof. Useful hosts include, but are not 
limited to, rabbits, mice, rats, etc. Various adjuvants can be used to increase 
the immunological response, depending on the host species, and including but 
not limited to Freund's (complete and incomplete), mineral gels such as 

25 aluminum hydroxide, surface active substances such as lysolecithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet hemocyanins, 
dinitrophenol, and potentially useful human adjuvants such as BCG (bacille 
Calmette-Guerin) and corynebacterium parvum. 

For preparation of monoclonal antibodies directed toward a 

30 fibrin chain or fibrin chain precursor, any technique which provides for the 
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production of antibody molecules by continuous cell lines in culture can be 
used. For example, the hybridoma technique originally developed by Kohler 
and Milstein, 1975, Nature, 256:495-497), as well as the trioma technique, 
the human B-cell hybridoma technique (Kozbor et al., 1983, Immunology 
5 Today, 4:72), and the EBV-hybridoma technique to produce human 
monoclonal antibodies (Cole et al., 1985, in Monoclonal Antibodies and 
Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

Antibody fragments which contain the idiotype (binding 
domain) of the molecule can be generated by known techniques. For example, 

10 such fragments include but are not limited to: the F(ab')2 fragment which can 
be produced by pepsin digestion of the antibody molecule; the Fab fragments 
which can be generated by reducing the disulfide bridges of the F(ab')2 
fragment, and the Fab fragments which can be generated by treating the 
antibody molecule with papain and a reducing agent. 

15 ln tne production of antibodies, screening for the desired 

antibody can be accomplished by techniques known in the art, e.g. ELISA 
(enzyme-linked immunosorbent assay), western blot, immunodiffusion assays. 
For example, to select antibodies which recognize a-chain, one can assay 
generated hybridomas for a product which binds to an substantially pure 

20 <7-chain, fibrin or fibrinogen preparation. 

The foregoing antibodies have utility in immunoassays of 
fibrin chains, fibrin chain precursors, fibrin monomers, fibrin-homologs or 
fibrinogen-analogs as described in Section 5. The antibodies also have utility 
as a reagent for immunoaffinity purification of fibrin chains, fibrin chain 
25 precursors, fibrin or fibrin-homologs as described in Section 5. 

7. IN VITRO ASSEMBLY OF FIBRIN, FIBRIN 
HOMOLOGS AND THEIR PRECURSORS 

Another aspect of the invention provides for the in vitro 

30 assembly of fibrin monomer, fibrin-homologs and fibrinogen-analogs and their 

precursors from their constituent chains. Any procedure known in the art for 
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the assembly of proteins from their constituent polypeptides can be used. 
The assembly procedure generally involves preparing an equimolar solution of 
the three constituent chains of a fibrin monomer, fibrin-homolog, fibrinogen- 
analog or their precursors (e.g., for fibrin I monomer: a-, Bp-, and K-chains; 
5 for fibrin I homolog: a-, Bp-, and vK-chains; for fibrin I precursor: K-chain 
precursor, BP-, and a-chains; etc.) in the presence of a chaotropic agent 
(denaturant) and a reducing agent and gradually removing the denaturant and 
reducing agent by dialysis. Under the appropriate conditions such procedures 
will assemble the constituent chains into a functional fibrin, fibrin-homolog or, 

10 in the instance of fibrin or fibrin-homolog precursors, precursor proteins that 
can be subsequently processed to form a functional fibrin or fibrin-homolog. 
Other ratios of component chains can be used. In a preferred embodiment, 
the molar ratio of any heterologous pair of chain preparatory used in the 
assembly process is no more than about 1.5:1. 

1 5 More particularly, the assembly procedure utilizes as the 

assembly reaction an approximately equimolar mixture of each constituent 
fibrin chain, from about 0.1 mg/ml to about 6.0 mg/ml per chain preparation, 
dissolved in Initial Assembly (IA) solution comprising a chaotropic agent and a 
reducing agent. In preferred embodiments, each of the three chain 

20 preparations (e.g., for assembling fibrin I: a-, BP- and K-chain preparations) is 
dissolved in IA solution at about 2.0 to about 4.0 mg/ml. While chain 
preparations of any purity can be used in the assembly procedure, it is 
preferred that substantially pure chain preparations (> 50% pure by weight) 
and more preferred that highly pure chain preparations (> 80% pure by 

25 weight) be used. 

The IA solution comprises a high concentration of one or 
more chaotropic agent (denaturant). Suitable chaotropic agents include urea, 
sodium bromide, guanidine hydrochloride, KCNS, potassium iodide and 
potassium bromide. While any denaturant can be used, the preferred 
30 denaturant is urea, at a concentration of about 0.5 M, preferably 2.5 M, or 
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higher. The urea concentration is more preferably about 3.5 M or higher, still 
more preferably at least about 5.0 M or higher. Comparable protein unfolding 
concentrations of other denaturants can be substituted for urea. The IA 
solution additionally comprises one or more reducing agents, such as 
5 dithiothreitol (DTT), dithioerythreitol (DTE) or /?-mercaptoethanol. The 

concentration of the reducing agent in the IA solution can range from about 
0.05 mM to about 100 mM. In preferred embodiments, the reducing agent is 
DTT at a concentration from about 5 to about 10 mM. The IA solution 
additionally comprises a buffer such as Tris-HCI or Tris-acetate. The buffer 
10 concentration is preferably from about 10 to about 50 mM and its pH ranges 
from about 6.5 to about 8.5. In preferred embodiments, the buffer is Tris-HCI 
at about 10 mM and about pH 7. The IA solution further comprises one or 
more divalent cation chelators. Nonlimiting examples of chelators include 
citric acid, saccharic acid, ethylene-diaminetetraacetic acid (EDTA), 
15 nitrilotriacetic acid (NTA), hydroxyethylenediamine-triacetic acid (HEEDTA), 
ethylenediaminedi-[o-hydroxyphenylacetic acid] (EDDHA), ethyleneglycolbis 
(2-aminoethylether) tetra-acetic acid (EGTA), diethylenetriaminepentaacetic 
acid (DTPA), 1 ,2-diaminocyclohexanetetraacetic acid (DCTA), 
N,N-bishydroxyethylglycine, and N-hydroxyethylimino-diacetic acid (HIMDA) 
20 and salts thereof. The preferred chelator is EDTA or EGTA, and its 
concentration is from about 0.1 mM to about 5 mM. 

The assembly of the fibrin monomer, fibrin-homolog, 
fibrinogen-analog and their precursors from their constituent chains in the IA 
solution proceeds by a removal of the denaturant and the reducing agent. 
25 Any method known in the art can used to effect the removal. The removal 
can be achieved through stepwise dialysis of 5 or more equal steps to a final 
buffered solution devoid of the denaturant and reducing agent (e.g., a 5 
equal-step dialysis from a 5 M urea, 1 5 mM DTT IA solution would consists 
of dialyzing, sequentially, against solutions containing 4 M urea, O mM DTT; 
30 3 M urea, O mM DTT; 2 M urea, O mM DTT; 1 M urea, O mM DTT; and 0 
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mM urea, O mM DTT. In some embodiments a continuous gradient dialysis 
system can be used. 

The dialysis solutions used at each step of the assembly 
reaction are preferably identical in composition to the IA solution except for 
5 the absence of reducing agent and the reductions in the denaturant. In 
particular embodiments, the dialysis solutions used for reducing the 
denaturant concentration from about 1 M and lower can additionally comprise 
glutathione/oxidized-glutathione, or CuS04 to facilitate disulfide bond 
formation within the assembled fibrin monomer or fibrin-homolog. Where 

0 applicable, the preferred concentrations of glutathione and oxidized- 

glutathione are about 1 to 3 mM and 0.3 to 0.5 mM, respectively, and the 
preferred concentration of CuS04 is at about 80 mM. 

The temperature of assembly reaction is preferably from 
about 4°C to about 65 °C. The preferred temperature for the reaction is from 

5 about 20°C to about 50°C, more preferably about 25°C. 

The rate of dialysis of the assembly reaction can be regulated 
using any known means. For example, the ratio of membrane surface to 
assembly reaction volume can be increased or decreased to increase or 
decrease the rate of solute exchange and hence the time needed to reach 

0 solute equilibrium. Each dialysis step of the assembly process preferably uses 
a dialysis rate that produces an equilibrium from about 1 5 minutes to about 
1 80 minutes. A particularly preferred rate achieves solute equilibrium within 
about 60 minutes. 

For fibrin monomer and self-polymerizing fibrinogen-analog, 
5 the assembled molecule will generally polymerize as dialysis proceeds. 

Preparations of assembled and polymerized fibrin or fibrinogen-analog can be 
solubilized using any solution that results in release of monomers from the 
fibrin or fibrin-homolog polymer. Solubilization can be carried out by dialyzing 
the preparation or dissolving fibrin polymer clot collected from the assembly 
reaction with a suitable acid buffer solution. The acidic buffer has a pH of 
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about 1 to about 5 and preferably at about 4. The preferred concentration of 
the acid buffer is from about 0.02 M to about 1 M and most preferably from 
about 0.1 M to about 0.3 M. Nonlimiting examples of suitable acid buffer 
include acetic acid, succinic acid, glucuronic acid, cysteic acid, crotonic acid, 
5 itaconic acid, glutamic acid, formic acid, aspartic acid, adipic acid and salts 
thereof and with succinic acid, aspartic acid, adipic acid and salts of acetic 
acid being preferred and most preferably sodium acetate. 

The fibrin monomer, fibrin-homolog and fibrinogen-analog 
preparations can be further purified of any contaminates using any known 
10 physical, chemical or biochemical method. 

8. USES FOR THE RECOMBINANT FIBRIN 

CHAINS. FIBRIN AND FIBRIN-HOMOLOGS 

Fibrin chains, fibrin monomers, fibrin-homologs and 

1 5 fibrinogen-analogs of large quantity and high purity can be obtained using the 
methods of the present invention. Examples of fibrin chains which can be 
obtained include a-chain, j£?-chain, K-chain and vK-chain. Examples of fibrin 
which can be obtained include fibrin I, des BB fibrin and fibrin II. Examples of 
fibrin-homologs which can be obtained include fibrin l-homolog, des BB 

20 fibrin-homolog and fibrin H-homolog. An example of a fibrinogen-analog is a 
molecule made up of two a-chains with an N-terminal extension that differ 
from the A fibrinopeptide, two ^-chains and two K-chains. The fibrin chains, 
fibrin monomers, fibrin-homologs and fibrinogen-analogs will preferably be 
substantially free of cellular material and completely free of contagious viral 

25 agents that are sometimes found in human blood derived products. The fibrin 
monomer and fibrin-homologs can be used in preparation of fibrin-monomer 
sealants. See, for instance, the methods disclosed in Edwardson et al., 
European Patent Publication No. 0592242A1 (4/13/94). 

The invention also relates to a method of forming a 

30 fibrin polymer sealant by reacting a first fibrin-related protein that is incapable 
of self-polymerizing with a second fibrin-related protein the is incapable of 
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self-polymerizing. An example of the first fibrin-related protein is fibrin- 
homolog (which contains two modified K-chains). Examples of the second 
include fibrinogen and those fibrinogen-analogs that are incapable of self- 
polymerizing. These non-self-polymerizing fibrinogen-analogs will generally 
5 have N-terminal extensions on their a-chains and /?-chains (for a total of four 
extensions). The two component fibrin-related protein compositions are 
preferably reacted at a molar ratio ranging from about 2:1 to about 1 :2, more 
preferably from about 1.5:1 to about 1:1.5. Suitable buffer conditions are 
the same as those used for other fibrin-monomer sealants. See EP 0592 242 

10 A1 . The two compositions preferably contain no more than about 20 % 
wt/wt, more preferably no more than about 10%, yet more preferably no 
more than about about 5% of a fibrin-related protein that self-polymerizes. 

Moreover, the fibrin chains, fibrins and fibrin-homologs can 
be used to form bioactive fragments of fibrin that function in regulating 

1 5 angiogenesis, platelet aggregation, fibrin polymerization, cell proliferation, and 
the like. 

The following examples are presented by way of illustration 
not by way of limitation. 

9. EXAMPLES 

20 9-1. CONSTRUCTION OF EXPRESSION 

CONSTRUCTS 

9.1.1. g-CHAIN CONSTRUCT 

Primers PCR1A and PCR2A (FIG. 5) were used to amplify an 
25 approximately 560 base pair fragment from a human fibrinogen Aa-chain 
cDNA clone. This fragment was digested with Hind III and Xbal and cloned 
into a Hind III and Xbal cut Bluescript II KS + Plasmid (Strategne). The 
sequence of this fragment, encoding a N-terminal portion of a-chain, was 
checked and the clone designated pBSalphal. 
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pBSalphal was digested with Kpnl and Mlul and the synthetic 
leader sequence shown in FIG. 1 was inserted. The sequence of this clone 
was checked and the clone designated pBSalpha2. 

An Aa-chain cDNA clone was digested with Xbal and Notl 
5 and the insert, encoding a C-terminal portion of cr-chain, was purified. This 
fragment was inserted into a similarly digested pBSalpha2. The clone thus 
generated pBSalpha3, encodes a complete or-chain. The complete sequence 
of this construct was checked before sub-cloning into an expression vector. 
The construct was removed by digestion with Kpnl/Notl was inserted into the 
10 expression vector pREP4 (Invitrogen). 

9.1.2. ff-CHMN CONSTRUCT 
Primers PCRIB and PCR2B (FIG. 5) were used to amplify an 
approximately 750 base pair fragment from a human fibrinogen B^-chain 
cDNA clone. This fragment was digested with Hind III and BamHI and cloned 
15 into a Hind III and BamHI cut pBluescript II KS + plasmid. The sequence of 
this fragment, encoding a N-terminal portion of yff-chain, was checked and the 
clone designated pBSbetal. 

pBSbetal was digested with Kpnl and Hind III and the 
synthetic leader sequence shown in FIG. 2 was inserted. The sequence of 
20 this clone was checked, and the clone designated pBSbeta2. 

A B^-chain cDNA clone was digested with BamHI and Notl 
and the insert, encoding a C-terminal portion of yff-chain, was purified. This 
fragment was inserted into a similarly digested pBSbeta2. The clone thus 
generated, pBSbeta3, encoded a completed yff-chain precursor. The complete 
25 sequence of this construct was checked before sub-cloning into an expression 
vector. The construct was removed by digestion with Kpnl and Notl and 
inserted into the expression vector pREP8 (Invitrogen). 

9.1.3. K-CHAIN CONSTRUCT 
Primer PCRIG and PCR2G (FIG. 5) were used to amplify an 
30 approximately 310 bp fragment from a human fibrinogen p-chain cDNA clone. 
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This fragment was digested with Sphl and EcoRl and cloned into a Sphl and 
EcoRI cut mpl9 vector containing a K-chain cDNA clone (the Sphl/EcoRI digest 
of the vector removed the 3' portion of the cDNA clone, which sequence was 
replaced with the sphl/EcoRI fragment). The sequence of this clone was 
5 checked and designated mpl9-gammal. 

Double-strand RF-DNA was prepared from mpl9-gammal and 
digested with Avrll and EcoRI. The synthetic 3' fragment shown in FIG. 3 
was inserted. The sequence of the resultant clone was checked, and the 
clone designated mpl9-gamma2. This clone contained a full-length 
10 gamma-fibrinogen (K-chain) insert. 

The insert was isolated as a Sail and Notl fragment from 
mpl9-gamma2 ds RF-DNA and ligated into a Kpnl and Notl cut pREP9 
(Invitrogen) with the inclusion of the Kpnl/Sall adaptor (as shown in FIG. 4) in 
the ligation reaction. The structure of the insert was verified with 
15 sequencing. This clone was designated gamma-pREP9. 

9.1.4. y-CHAIN MUTAGENESIS 
Here, the CYS352 and CYS365 codons of K-chain cDNA 
were substituted with ALA codons and cloned into pREP9. 

A fragment of approximately 400 b.p. was isolated from 
20 gamma-pREP9 using Sphl (position 1057 in insert) and BamHI (site present in 
the vector polylinker, 3' to Notl site) and was cloned into M13mpl8. The 
sequence of this clone (mpl8-gammal) was verified by sequencing. 

A culture of dut-minus, ung-minus E. coli strain R21032 was 
infected with recombinant mpl8-gammal and uracil-substituted single stranded 
25 mpl8-gammal DNA was prepared. This was used as a template for site 
directed mutagenesis using primer MUTIG (6'- 
-TTTGAAGGCAACGCTGCTGAACAGGA-3') and MUT2G (5'- 
ACAAGGCTCACGCTGGCCATCTCAATGG-3'). Clones with both target CYS 
to ALA codon alterations were identified using a combination of 3' mismatch 
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PCR, using primers PCRY (5'-GATCCATCCTGTTCAGCAGC-3') and PCRX 

(5'-GGTTGGTGGATGAACAAGGC-3') and routine sequencing. (See. Fig. 7). 

The resultant clone (mpl8-gamma2) was sequenced between 

the Sphl and Notl sites. This Sphl/Notl fragment was simultaneously ligated 

5 into a Kpnl and Notl cut pREP9 along with a Kpnl/Sphl fragment from 

gamma-pREP9 encoding a N-terminal portion of the K-chain. The resultant 

clone (gammaALA-pREP9) was purified on a CsCI gradient and sequenced 

across the 5' end and between the Sphl site at position 1057 of the K-chain 

sequence and the 3' end in order to validate the construct. 

10 9.1.5. PREPARATION OF 

OLIGONUCLEOTIDES 

Oligonucleotides (FIG. 5) used in these constructions were 5' 
phosphorylated, except for terminal oligos (A1, A4, B1, B6, G1, G2). 
15 Phosphorylation was achieved during synthesis using a 5' phosphorylation 
reagent, or post-synthesis using T4 polynucleotide kinase. 

Oligonucleotide pairs (A1/A2, A3/A4, etc.) were mixed at 
equimolar concentrations, heated to 95 °C, and allowed to anneal by slow 
cooling to < 30°C. Annealed pairs A1/A2 and A3/A4 or B1/B2, B3/B4 and 
20 B5/B6 were mixed at equimolar concentrations and ligated at room 
temperature. These ligations allowed the synthetic preparation of 
polynucleotides encoding complete leader sequences. 

By leaving the terminal oligonucleotides un-phosphorylated, 
concatenation of the fully assembled fragment was prevented. This full 
25 length product was purified by gel electrophoresis before insertion into the 
relevant vector. 

9.1.6. ASPERGILLUS NIGER EXPRESSION 
VECTORS 

30 Fibrin alpha cDNA was cloned in two steps using Xbal-minus 

derivative of the GAM-fusion vector pIGF (FIG. 6). Initially, the Xbal site of 
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pIGF was removed by cutting the plasmid with Xbal and Hpal and inserting by 
ligation a synthetic Xbal/Hpal linker: 

5'-CTAGCGCCGGGGTT-3' 
GCGGCCCCAA 

5 

which resulted in the loss of the Xbal site but retention of the Hpal site, 
without altering the reading frame and without introducing stop codons. 

Approximately the first 570 base pairs (bp) of the mature 
alpha-fibrin cDNA were amplified by PCR using oligo primers to remove the 

10 signal sequence from alpha-pREP4 and to introduce a Hpal site and KEX2 

endoprotease processing site just upstream and in-frame with amino-terminus 
(sequence introduced: AAT TTC GTT AAC AAG CGC GGC CCA CGC GTT 
GTG GAA, which encodes a Hpal site, followed by the peptide 
LysArgGlyProArgValValGlu, containing a KEX2 processing site) and a Hpal 

1 5 site just downstream of the Xbal site at 634 bp. This PCR fragment was cut 
with Hpal, gel-purified and cloned into the Hpal site of the Xbal-minus pIGF 
derivative. Clones with the insert in the correct orientation were sequenced 
to check for the presence of the GAM (G498)-fusion, the KEX2 site and the 
alpha-fibrin sequence up to the Xbal/Hpal sites. This clone is designated 

20 plGF-alpha5'. 

An Xbal site has been introduced at the Notl site in 
alpha-pREP4 using a synthetic Notl-Xbal-Notl linker. The resulting 1310 bp 
Xbal fragment containing the remainder of the alpha-fibrin cDNA was 
gel-purified and cloned into the correct plGF-a!pha5' clone, cut with Xbal. 
25 Fibrin beta cDNA was also cloned using a two-step 

procedure but using a Stul-minus derivative of pIGF. pIGF has been cut with 
Stul, a blunt-end cutter (AGGCCT), and the single site at the extreme 5' end 
of the glaA 5'-flanking region will be destroyed using terminal transferase and 
a mixture of dideoxy ATP/TTP. 
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9.2. IN VITRO ASSEMBLY OF FIBRINOGEN AND 
FIBRIN 

Ten mg of fibrinogen was denatured and dissociated per ml 

of 5 M urea, 5 mM DTT, 10 mM Tris-HCI, 1 mM EDTA, pH 7.0. The urea 

5 and the DTT was removed from the above "assembly" reaction by stepwise 

dialysis, each step for 1 hour at room temperature, in 10 mM Tris-HCL, 1 mM 

EDTA, pH 7.4 dialysis buffers containing 4 M, 3 M, 2 M, 1 M and 0 M urea. 

The final preparation polymerized when thrombin was added at 10 U/ml, both 

in the presence or absence of 5 mM CaCI2. The clot formation indicated the 

10 successful assembly of fibrinogen, which was converted by the thrombin to 
fibrin, which polymerized. 

Fibrin assembly was performed as follows. Ten mg of 
fibrinogen was digested with 10 U/ml thrombin. The reaction containing 
fibrin was then brought to a final concentration of 10 mg/ml of fibrin in 5 M 

15 urea, 5 mM DTT, 10 mM Tris-HCI, 1 mM EDTA, pH 7.4. The denatured and 
dissociated fibrin was assembled following the sequential dialysis procedure 
described above, i.e., against dialysis buffers containing 4 M, 3 M, 2 M, 1 M 
and 0 M urea. At the 1 M urea stage, samples removed from the dialysis 
tube contained recognizable clot, indicating successful assembly of fibrin. 

20 Samples removed from the dialysis tube 20 minutes after transferred to the O 
M urea buffer contained a stronger (whiter) clot, indicating that the assembly 
reaction at the 1 M urea stage was incomplete. 

9.3. DELETIONAL ANALYSIS OF THE y-CHAIN 
One deletion mutant is created by digesting gamma-pREP9 

25 with Sphl and inserting a double stranded Sphl adapter designed to encode a 
stop codon after Met 336. Other deletion mutants are constructed using 
essentially the methodology described in Example 9.1.2 with three changes. 
First, the 3' PCR primer is designed based any of the between that encoding 
Met 336 and that encoding the C-terminus. Second, the 3' fragment is not 

30 added to the amplified sequence. Third, the 5' end of the primer includes the 
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appropriate restriction site sequences for cloning into the mp19 and pREP9 
vectors. 

9.4. HETEROLOGOUS FIBRIN SEALANTS MADE 
USING CYS-MODIFIED FIBRIN AND 
5 FIBRINOGEN 

Fibrin ll-homolog containing variant K-chain (Cys 352 - Ala 

352, Cys 365 - Ala 365) at 100//g/ml dissolved in 0.15 M NaCI, 0.05 M 

Tris, pH 7.0, is mixed with equal volumes of fibrinogen containing variable 

concentrations (10 //g/ml - 1000 //g/ml, in the same buffer) and incubated at 

10 37°C. Polymerization is assessed by visual inspection and an heterologous 
fibrin polymer is evident in solutions containing molar ratios of 
fibrinogenrfibrin ll-homolog of 1:0.5 to 1:2.0. 

A native, human fibrinogen was modified using the procedure 
outlined in Procyk et al., Biochemistry 31: 2273-2278, 1992 and Procyk et 

15 al., European Patent Publication No. 472 205 A1 (see Examples 1 and 2) 
such that a number of the Cys residues, including Cys 352 and 365, were 
reduced under mild reducing conditions and alkylated . The alkylated 
fibrinogen was activated by treatment with thrombin to remove the majority 
of the fibrinopeptides and create a fibrin monomer as described by Procyk et 

20 al. Id. The alkylated fibrin monomer lacks the ability to self-polymerize and is 
therefore a fibrin-homolog. The alkylated fibrin-homolog was dissolved at 
100 //g/ml in 0.15 M NaCI, 0.05 M Tris, pH 7.0, mixed with an equal volume 
of a fibrinogen solution (10 //g/ml - 1000 //g/ml) in the same buffer, and 
incubated at 37°C. Polymerization was assessed by visual inspection and an 

25 heterologous fibrin polymer was evident in solutions containing molar ratios of 
fibrinogen:fibrin-homolog of 1:0.5 to 1:2.0. 

The invention described and claimed herein is not to be 
limited in scope by the specific embodiments herein disclosed, since these 
embodiments are intended as illustrations of several aspects of the invention. 

30 Any equivalent embodiments are intended to be within the scope of this 

invention. Indeed various modifications of the invention in addition to those 
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shown and described herein will become apparent to those skilled in the art 
from the foregoing description. Such modifications are also intended to fall 
within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 



1 



1. 



A variant gamma-chain. 



1 



The variant gamma-chain of claim 1, wherein the 



2 mutations or deletions occur in the sequence between about the position of 

3 the first of the two conserved Cys residues found in the C-terminal portion of 

4 gamma-chains and the C-terminal. 



2 variant gamma-chain has a mutation or deletion of a Cys residue selected 

3 from the group consisting of Cys residues 352 and 365 of the human 

4 gamma-chain or the equivalent Cys residues of a non-human gamma-chain. 

1 4. The variant gamma-chain of claim 1 , wherein the 

2 gamma-chain is human gamma-chain. 

1 5. The variant gamma-chain of claim 4, wherein the 

2 mutations or deletions are in the sequence between amino acid 1 66 and the 

3 C-terminal of the human gamma-chain. 

1 6. A composition comprising human fibrin-homolog, 

2 wherein said human fibrin-homolog comprises the variant gamma-chain of 

3 claim 4. 



1 



3. 



The variant gamma-chain of claim 2, wherein the 



1 7. A composition comprising fibrin-homolog, wherein said 

2 fibrin-homolog comprises the variant gamma-chain of claim 1. 



WO 95/29686 



PCT/US95/05527 



- 70 - 

8. A composition comprising fibrin monomer or fibrin- 

2 homolog, wherein said composition is essentially free of at least one of 

3 fibrinogen, fibrinogen Aa-chain, fibrinogen B/?-chain, fibrinopeptide A and 

4 fibrinopeptide B. 

1 9. The composition of claim 8, wherein said composition 

2 is essentially free of fibrinogen. 

1 10. The composition of claim 9, wherein said composition 

2 is a fibrin I or fibrin II monomer composition and is essentially free of the 

3 fibrinogen Aa-chain. 

1 1 1 . The composition of claim 10, wherein the composition 

2 is also essentially free of the A fibrinopeptide. 



1 
2 



12. The composition of claim 9, wherein said composition 
is a desBB fibrin monomer or a fibrin II monomer compostion and is essentially 
3 free of the fibrinogen B/?-chain. 

1 13. The composition of claim 12, wherein the composition 

2 is also essentially free of the B fibrinopeptide. 

1 14. The composition of claim 8, wherein said fibrin 

2 monomer is human fibrin monomer, said fibrinogen half-molecule is human 

3 said fibrinogen is human fibrinogen, said fibrinogen Aa-chain is human 

4 fibrinogen Aa-chain, said fibrinogen B/?-chain is human fibrinogen B/?-chain, 

5 said fibrinopeptide A is human fibrinopeptide A, and said fibrinopeptide B is 

6 human fibrinopeptide B. 
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1 15. A fibrin polymer composition comprising a fibrin, 

2 wherein the composition is essentially free of at least one of fibrinogen, 

3 fibrinogen Aa-chain, fibrinogen B£-chain, fibrinopeptide A and fibrinopeptide 



4 B. 



1 16. The composition of claim 15, wherein said 

2 composition is essentially free of fibrinogen, fibrinogen Aa-chain and A 

3 fibrinopeptide. 

1 17. The composition of claim 15, wherein said 

2 composition is essentially free of fibrinogen, fibrinogen haif-molecule, 

3 fibrinogen B>5-chain and B fibrinopeptide. 

1 18. A fibrin-related mix polymer composition comprising: 

2 (1)a fibrin-homolog composition comprising a 

3 modified gamma-chain; and 

4 (2) a second component composition comprising 

5 fibrinogen, fibrinogen-analog or fibrin monomer, 

6 wherein the fibrin-homolog is non-covalently bonded to 

7 the fibrinogen, fibrinogen-analog or fibrin monomer. 

1 19. The fibrin-homolog and fibrinogen mix polymer 

2 composition of claim 18, wherein the fibrin-homolog, fibrinogen, fibrinogen- 

3 analog or fibrin monomer are human proteins. 



1 
2 
3 



20. The fibrin-homolog and fibrinogen mix polymer 
composition of claim 18, wherein the second component composition 
comprises fibrinogen or fibrinogen-analog. 
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1 21. The fibrin-homolog and fibrinogen mix polymer 

2 composition of claim 20, wherein the second component composition is 

3 essentially free of fibrin monomer. 

1 22. A fibrin sealant kit comprising: 

2 (1) a fibrin-homolog composition comprising a 

3 modified gamma-chain; and 

4 (2) a second component composition comprising 

5 fibrinogen, fibrinogen-analog or fibrin monomer, 

6 wherein the fibrin-homolog reacts with the fibrinogen, 

7 fibrinogen-analog or fibrin monomer to form a fibrin polymer. 

1 23. The fibrin sealant kit of claim 22, wherein the fibrin- 

2 homolog, fibrinogen, fibrinogen-analog or fibrin monomer are human proteins. 

1 24. The fibrin sealant kit of claim 22, wherein the second 

2 component composition comprises fibrinogen or fibrinogen-analog. 

1 25. The fibrin sealant kit of claim 24, wherein the second 

2 component composition is essentially free of fibrin monomer. 

1 26. A substantially pure nucleotide sequence encoding an 

2 a-chain with an N-terminal extension, wherein the N-terminal extension differs 

3 from the A fibrinopeptide. 



1 

2 



27. The sequence of claim 26, wherein the extension lacks 
the thrombin recognition sequence. 
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1 28. An expression vector comprising the nucleotide 

2 sequence of claim 27, wherein said sequence is operably linked to a promoter 

3 which regulates the expression of the sequence. 

1 29. The nucleotide sequence of claim 27, wherein the 

2 encoded fibrin alpha-chain with an N-terminal extension is a fibrin alpha-chain 

3 precursor. 

1 30. The nucleotide sequence of claim 29, wherein the 

2 encoded N-terminal extension of the precursor is selected so that it will be 

3 cleaved off of the fibrin alpha-chain when the nucleotide sequence is 

4 expressed in a suitable cell. 

1 31 . The nucleotide sequence of claim 27, wherein the 

2 fibrin alpha-chain is a human fibrin alpha-chain. 

1 32. A substantially pure nucleotide sequence encoding a 

2 fibrn beta-chain with an N-terminal extension, wherein the extension differs 

3 from the B fibrinopeptide. 

1 33. The nucleotide sequence of claim 32, wherein the 

2 extension lacks the thrombin recognition sequence. 

1 34. An expression vector comprising the nucleotide 

2 sequence of claim 33, wherein said sequence is operably linked to a promoter 

3 which regulates the expression of the sequence. 



1 
2 
3 



35. The nucleotide sequence of claim 33, wherein the 
encoded fibrin beta-chain with an N-terminal extension is a fibrin beta-chain 
precursor. 
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1 36. The nucleotide sequence of claim 35, wherein the 

2 encoded N-terminal extension of the precursor is selected so that it will be 

3 cleaved off of the fibrin alpha-chain when the nucleotide sequence is 

4 expressed in a suitable cell. 

1 37. The nucleotide sequence of claim 33, wherein the 

2 fibrin beta-chain is human fibrin beta-chain. 

1 38. A substantially pure nucleotide sequence encoding a 

2 variant gamma-chain. 

1 39. An expression vector comprising the nucleotide 

2 sequence of claim 38, wherein said sequence is operably linked to a promoter 

3 which regulates the expression of said sequence. 

1 40. The purified nucleotide sequence encoding a variant 

2 gamma-chain of claim 38, wherein the mutations or deletions occur in the 

3 sequence between about the position corresponding to the postion of the first 

4 of the two conserved Cys residues found in the C-terminal portion of non- 

5 variant gamma-chains and the C-terminal. 

1 41 . The nucleotide sequence of claim 40, wherein the 

2 variant gamma-chain has a mutation or deletion of a Cys residue selected 

3 from the group consisting of Cys residues 352 and 365 of the human 

4 gamma-chain or the equivalent Cys residues of a non-human gamma-chain. 

1 42. The nucleotide sequence of claim 38, wherein the 

2 variant gamma-chain is a variant of human gamma-chain. 
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1 43. A cell comprising a substantially purified nucleotide 

2 sequence encoding an a-chain with an N-terminal extension that differs from 

3 the A fibrinopeptide operably linked to a promoter which regulates the 

4 expression of the sequence. 

1 44. A cell comprising a substantially purified nucleotide 

2 sequence encoding a fibrin beta-chain with an N-terminal extension that 

3 differs from the B fibrinopeptide operably linked to a promoter which regulates 

4 the expression of said sequence. 

1 45. A cell comprising a substantially purified nucleotide 

2 sequence encoding a variant gamma-chain, wherein said sequence is operably 

3 linked to a promoter which regulates the expression of said sequence. 

1 46. A cell comprising: 

2 (i) an expression vector comprising a sequence 

3 encoding an fibrin alpha-chain or an fibrin alpha-chain with an N-terminal 

4 extension, 

5 (ii) an expression vector comprising a sequence 

6 encoding a fibrin beta-chain or a fibrin beta-chain with an N-terminal 

7 extension, and 

8 (iii) an expression vector comprising a sequence 

9 encoding a gamma-chain, 

10 wherein at least one of the expression vectors of (i) or 

1 1 (ii) comprises nucleotide sequence encoding an a-chain or a fibrin beta-chain 

12 with an N-terminal extension that differs from the A or B fibrinopeptide, 

13 respectively, and each said coding sequence of (i) - (iii) is operably linked to a 

14 promoter which regulates the expression of said sequence, and 

15 wherein the expression vectors of (i) - (iii) can be the 

16 same or different from each other. 
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1 47. The cell of claim 46, wherein the fibrin chains encoded 

2 by the expression vectors are human fibrin chains. 

1 48. A cell comprising: 

2 (i) an expression vector comprising a sequence 

3 encoding one of an or-chain or and an a-chain with an N-terminal extension, 

4 (ii) an expression vector comprising a sequence 

5 encoding one of a fibrin beta-chain or a fibrin beta-chain with an N-terminal 

6 extension, and 

7 (iii) an expression vector comprising a sequence 

8 encoding a variant gamma-chain 

9 wherein each said coding sequence is operably linked 

10 to a promoter which regulates the expression of said sequence, and 

1 1 wherein the expression vectors of (i) - (iii) can be the 

12 same or different from each other. 

1 49. The cell of claim 48, wherein the mutations or 

2 deletions in the variant gamma-chain occur in the sequence between about 

3 the position of the first of the two conserved Cys residues found in the C- 

4 terminal portion of gamma-chains and the C-terminal. 

1 50. The cell of claim 49, wherein the variant gamma-chain 

2 has a mutation or deletion of a Cys residue selected from the group consisting 

3 of Cys residues 352 and 365 of the human gamma-chain or the equivalent 

4 Cys residues of a non-human gamma-chain. 

1 51 . The cell of claim 48, wherein the variant gamma-chain 

2 is variant human gamma-chain. 



WO 95/29686 



PCT/US95/05527 



- 77 - 

1 52. A method for producing a fibrin monomer, which 

2 method comprises: 

3 a) growing a cell comprising: 

4 0) an expression vector comprising a 

5 sequence encoding an fibrin alpha-chain precursor, 

6 (ii) an expression vector comprising a 

7 sequence encoding a fibrin beta-chain precursor, and 

8 (iii) an expression vector comprising a 

9 sequence encoding a gamma-chain, 

wherein each said coding sequence 

1 1 is operably linked to a promoter which regulates the 

1 ^ expression of said sequence, 

1 3 whereby a-chains, /?-chains and 

14 gamma-chains are produced and associated within the 

15 cell to form fibrin I monomer, fibrin II monomer or 
^ 6 desBB fibrin monomer; 

17 b > and recovering the fibrin I monomer, fibrin II monomer 

18 or desBB fibrin monomer. 



10 



1 53. The method for producing a fibrin of claim 52, which 

2 method comprises growing the cell at a pH of less than about 5.0. 

1 54. The method for producing a fibrin of claim 52, wherein 

2 the encoded fibrin chains are human fibrin chains and the recovered fibrin is 

3 human fibrin. 



1 
2 
3 



55. The method for producing a fibrin of claim 52, wherein 
the formed fibrin monomer is secreted into the medium and recovered 
therefrom. 
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1 56. A method for producing a fibrin-homolog, which 

2 method comprises: 

3 a) growing a cell comprising: 

4 (i) an expression vector comprising a 

5 sequence encoding one of an fibrin alpha-chain 

6 precursor, 

7 (ii) an expression vector comprising a 

8 sequence encoding one of a fibrin beta-chain 

9 precursor, and 

10 (iii) an expression vector comprising a 

1 1 sequence encoding a variant gamma-chain, 

12 wherein each said coding sequence 

13 is operably linked to a promoter which regulates the 

14 expression of said sequence, 

1 5 whereby a-chains and /?-chains and 

16 variant gamma-chains are produced and associated to 

17 within the cell to form fibrin l-homolog, fibrin II- 

18 homolog or desBB fibrin-homolog; and 

19 b) recovering the fibrin l-homolog, fibrin ll-homolog or 

20 desBB fibrin-homolog, wherein the fibrin-homolog polymerizes with fibrinogen 

21 to form a fibrin clot. 

1 57. The method for producing a fibrin of claim 56, wherein 

2 the encoded fibrin chains are human fibrin chains and the recovered fibrin- 

3 homolog is human fibrin-homolog. 



1 

2 
3 



58. The method for producing a fibrin of claim 56, wherein 
the formed fibrin-homolog is secreted into the medium and recovered 
therefrom. 
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1 59. A method for producing a fibrin alpha-chain, which 

2 method comprises: growing the cell of claim 43 such that a fibrin alpha-chain 

3 is produced; and recovering the fibrin alpha chain. 

1 60. The method for producing a fibrin alpha-chain of claim 

2 59, wherein the fibrin alpha-chain is secreted from the cell. 

1 61 . A method for producing a fibrin alpha-chain precursor, 

2 which method comprises: growing the cell of claim 43 such that a fibrin 

3 alpha-chain precursor is produced by said ceil; and recovering the fibrin 

4 alpha-chain precursor. 

1 62. A method of claim 61 further comprising in vitro 

2 processing the recovered fibrin alpha-chain precursor and recovering the fibrin 

3 alpha-chain. 

1 63. A method for producing a fibrin beta-chain, which 

2 method comprises: growing the cell of claim 44 such that a fibrin beta-chain 

3 is produced; and recovering the fibrin beta -chain. 

1 64. The method for producing a fibrin beta-chain of claim 

2 63, wherein the fibrin beta-chain is secreted by the cell. 

1 65. A method for producing a fibrin beta-chain precursor, 

2 which method comprises: growing the cell of claim 44 such that a fibrin 

3 beta-chain precursor is produced by said cell; and recovering the fibrin beta- 

4 chain precursor. 
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1 66. The method of claim 65 further comprising in vitro 

2 processing the recovered fibrin beta-chain precursor and recovering said fibrin 

3 beta-chain. 

1 67. A method for producing a variant gamma-chain, which 

2 method comprises: growing the cell of claim 45 such that a variant 

3 gamma-chain is produced by said cell and recovering the variant 

4 gamma-chain. 

1 68. A method for producing a fibrin monomer, fibrinogen 

2 or fibrinogen-analog comprising 

3 (a) obtaining a mixture of (i) a first component having a fibrin 

4 alpha-chain composition or a composition of a fibrin 

5 alpha-chain with an N-terminal extension, (ii) a second 

6 component haive a fibrin beta-chain composition or a 

7 composition of a fibrin beta-chain with an N-terminal 

8 extension and (iii) a third component having a gamma-chain 

9 composition; and 

10 (b) forming fibrin monomer, fibrinogen or fibrinogen-analog 

1 1 comprising chain compositions (i), (ii) and (iii). 

1 69. The method for producing a fibrin monomer, fibrinogen or 

2 fibrinogen-analog of claim 68, wherein the forming comprises exposing the 

3 mixture to an unfolding amount of a denaturant and a reducing agent and 

4 reducing the concentration of the denaturant and the reducing agent. 

1 70. The method for producing a fibrin monomer, fibrinogen or 

2 fibrinogen-analog of claim 69, wherein the concentration of the denaturant 

3 ranges from about 0.5 M to about saturation and the concentration of 

4 reducing agent ranges from about 0.05 mM to about 100 mM. 
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1 71 . The method for producing a fibrin monomer, fibrinogen or 

2 fibrinogen-analog of claim 68, wherein the moiar ratio of any heterologous 

3 pair of the chain compositions is no more than about 1.5:1. 

1 72. The method for producing a fibrin monomer, fibrinogen or 

2 fibrinogen-analog of claim 71, wherein the chain compositions are about 

3 equimolar. 

1 73. The method for producing a fibrin monomer, fibrinogen or 

2 fibrinogen-analog of claim 68, wherein a precursor is initially produced and 

3 subsequently converted to fibrin. 

1 74. A method for producing a fibrin-homolog or a fibrin homolog 

2 precursor comprising 

3 (a) obtaining a mixture of (i) a first component having a fibrin 

4 alpha-chain preparation or a preparation of a fibrin 

5 alpha-chain precursor, (ii) a second component having a fibrin 

6 beta-chain preparation or a preparation of a fibrin beta-chain 

7 precursor and (iii) a third component having a variant 

8 gamma-chain composition; and 

9 (b) forming fibrin-homolog or fibrin-homolog precursor 
10 comprising chain compositions (i), (ii) and (iii). 

1 75. A method for forming a fibrin sealant, the method 

2 comprising a reacting a first fibrin-related protein that is incapable of self- 

3 polymerizing with a second fibrin-related protein that is incapable of self- 

4 polymerizing. 
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1 76. The method for forming a fibrin polymer sealant of 

2 claim 75, wherein the first fibrin-related protein comprises a fibrin-homolog 

3 comprising a modified gamma-chain. 

1 77. The method for forming a fibrin polymer sealant of 

2 claim 76, wherein the mutations, deletions or modifications occur in the 

3 sequence between the position of the first of the two conserved Cys residues 

4 found in the C-terminal portion of gamma-chains and the C-terminal. 

1 78. The method for forming a fibrin polymer sealant of 

2 claim 77, wherein the gamma-chains have a mutation, deletion or 

3 modification of a Cys residue selected from the group consisting of Cys 

4 residues 352 and 365 of the human gamma-chain or the equivalent Cys 

5 residues of a non-human gamma-chain. 

1 79. The method for forming a fibrin polymer sealant of 

2 claim 76, wherein said variant gamma-chains are variant human gamma- 

3 chains. 

1 80. The method for forming a fibrin polymer sealant of 

2 claim 75, wherein the second fibrin-related protein comprises at least one of 

3 fibrinogen or fibrinogen-analog. 

1 81 . The method for forming a fibrin polymer sealant of 

2 claim 80, wherein the second fibrin-related protein comprises fibrinogen- 

3 analog comprising a fibrin alpha-chain or a fibrin beta-chain having an N- 

4 terminal extension lacking the thrombin recognition sequence. 

1 82. The method for forming a fibrin polymer sealant of 

2 claim 81 , wherein the fibrinogen-analog comprises a fibrin alpha-chain or a 
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3 fibrin beta-chain having an N-terminai extension that is not adapted for 

4 proteolytic processing. 

1 83. The method for forming a fibrin polymer sealant of 

2 claim 80, wherein the second fibrin-related protein consists essentially of 

3 fibrinogen or fibrinogen-analog. 

1 84. The method for forming a fibrin polymer sealant of 

2 claim 75 wherein, of the fibrin-related proteins, proteins that self-polymerize 

3 comprise no more than about 20% wt/wt. 

1 85. The method for forming a fibrin polymer sealant of 

2 claim 75, wherein the first and second fibrin-related proteins are mixed in a 

3 ratio ranging from about 2:1 to about 1:2. 

1 86. The method for forming a fibrin polymer sealant of 

2 claim 85, wherein the first and second fibrin-related proteins are mixed in a 

3 ratio ranging from about 1.5:1 to about 1:1.5. 

1 87. A fibrin composition prepared by the process of 

2 (a) growing a recombinant cell or organism that expresses 

3 the following: 

4 i. recombinant fibrin alpha-chain precursor or 

5 fibrinogen Aa-chain precursor; 

6 ii. recombinant fibrin beta-chain precursor or 

7 fibrinogen B/?-chain precursor; and 

8 iii. recombinant gamma-chain precursor, and 

9 (b) recovering fibrin I, fibrin II or desBB-fibrin from the cell 
10 or tissue or from the material exported from the cell or tissue. 
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1 88. The process of claim 87, wherein the process is conducted 

2 without an in vitro proteolysis step. 

1 89. A fibrin composition prepared by the process of 

2 (a) growing a recombinant cell or organism that expresses 

3 the following: 

4 i. recombinant fibrin alpha-chain precursor or 

5 fibrinogen Aar-chain precursor; 

6 ii. recombinant fibrin beta-chain precursor or 

7 fibrinogen B/?-chain precursor; and 

8 iii. recombinant gamma-chain precursor, 

9 (b) recovering the fibrin chains, 

0 (c) forming fibrin I, fibrin II or desBB-fibrin monomer 

1 comprising the recovered fibrin chains, and 

2 (d) recovering the fibrin I, fibrin II or desBB-fibrin. 

1 90. The process of claim 89, wherein the process is conducted 

2 without an in vitro proteolysis step. 

1 91. A fibrin alpha-chain with an N-terminal extension wherein the 

2 extension lacks a thrombin recognition sequence that would allow the 

3 extended fibrin alpha-chain to be converted by thrombin to a fibrin alpha- 

4 chain. 

1 92. The extended fibrin alpha-chain of claim 91, wherein the 

2 fibrin alpha-chain is not susceptible to conversion to a fibrin alpha-chain. 

1 93. A fibrin beta-chain with an N-terminal extension wherein the 

2 extension lacks a thrombin recognition sequence that would allow the 

3 extended fibrin beta-chain to be converted by thrombin to a fibrin beta-chain. 
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1 94. The extended fibrin beta-chain of claim 93, wherein the chain 

2 is not susceptible to conversion to a fibrin beta-chain. 

1 95. A method of identifying modified gamma-chains comprising 

2 (1) identifying a mutated, deleted or modified gamma- 

3 chain; 

4 (2) isolating a fibrin monomer comprising the mutated, 

5 deleted or modified gamma-chain; and 

6 (3) determining whether the fibrin monomer can self- 

7 polymerize and can form non-covalent bonds with fibrinogen. 
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Synthetic leader sequence for Alpha Pibrin 

Kpni 

CGTCGACTAGGAGCCAGCCC^ACCCTTAGAAAAGATGTTTTCCATGAGGATCGTC 

1 — v . — ■ • — i — — < i i 1 — ) - c o 

CATG G CAGCTGATC CT C GGT C GGGGTGGGAAT CTT'1'1' CTACAAAAGGT ACT C CTAGCAG 

A2 

A3 

TGCCTGGTCCTAAGTGTGGTGGGCACAGCATGGACTGGCCCA 

61 , h k — h 1 107 

ACEGACCAGGATTCACACCACCCGTGTCGTACCTGACCGGGTGCGC 
I A4 

nlui 



FIGURE 1 
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Synthetic leader sequence for Beta fibrin 

Kpnl 

CGTCGACATGAAAAGGATGGTTTCT 

1 (. + 1 1- " — t 1 + 60 

CATGGCA.GCTGTXCTTTTCCTACCAAAGiACCTCGXXGGTGTTTGAA!rTTTGGTAcTTT 

B2 * 

CATCTATTAT^GCTACTATTGTGTGTTTTTCTAGTlifwAGTCCGGTCATCGACCCCTTGAC 
61 1 1 1 -I ) I — ■ 1 + 12( 

GTAGATAkTAACGATGATAACkCA 

B4 I 

BS 

AAGAAGAGAGAAGAGGCTCCA 

121 + + 146 

TTCTTCTCTCTTCTCCGAGGTTCGA 
B6 

Hindi I I 



FIGURE 2 
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synthetic 3' end fragment for Garuaa Fibrinogen 

Avrll NotI Hindll I 

CTAGGGGGAGCCAAACAGGCTGGAGACGTTTAAGCGGCCGCAAGCTTG 
1 + h , + S4 

CCCCTCGGTTTGTCCGACCTCTGCAAATTCGCCGGCGTTCGAACTTAA 

G2 

EcoRI 



FIGURE 3 
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Synthetic XpnI/Sall adaptor 
Kpni Sail 

i 

S ' -CATGGCAGCT-3 ' 
5' end of adaptor must be phosphorylated 



FIGURE 4 
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OLIGONUC LEOTIDE SEQUENCES 

ALPHA FIBRINOGEN; 
PQR Primer?: 

PCR1A: 5' — GGGAAGC TT AC GC GTTGTGG A A AG AC ATC AATCT- 3 * 
PCR2A; 5' - T AAG TGTTGC C T ATC TC T AGA - 3 ' 

Synthetic leader oil tro. s: 

Al: 5 • — C GTC G AC T AGG AGO C AGO C C C AGC C C C AC C C TT AG AAAAG ATGTTTTC C ATG AG—3 ■ 
A2: 5 ' -C AGACGATCCTCATCX/AAAACATCTTTTCTAAG^^ 

A3: 5' - G ATC GTCTGC CTGGTCCT AAGTGTGGTGGGC AC AGC ATGG ACTGGC C C A- 3 * 
A4: 5 • -CGCGTGGGCC AGTCC ATGCTGTGCCC ACC AC ACTTAGGACC AGG—3 * 

BETA FIBRINOGEN;. 
PGR Primers: 

PCR1B: 5' — TTT A AGCTTG AGGC CTGCC C C ACC GC - 3 4 
PCR2B: 5* -GCAAC ATTTCCAAATCCCTG-3 ' 

Synthetic leader ollg-o, s: 

Bl: 5' -CGTCGACATGAAAAGOATCK5TTTCTTGGAGCTTCCACAAACT-3 4 

B2: 5 ' - ATGGTTTTAAGTTTGTGG AAGCTC C AAG AAAC C ATC CTTTTC ATGTC G AC GGT AC - 3 * 

33: 5' — T AAA ACC ATG AAAC ATCTATTATTGCTACTATTGTGTG I I 1 fT CTAGTT— 3' 

B4: 5 1 — AC CGG ACTTAACTAGAA AAAC AC AC AATAGTAGC AATAATAO ATGTTTC — 3 ' 

B5: 5' ~ A AGTC C GGTC ATC G AC C C CTTG AC AAG AAGAG AG AAG AGGCTCC A— 3 * 

B6: 5' — AGCTTGO AGC C TCTTC TCTC TTC TTGTC AAGGGGTC GATG- 3 ' 

GAMMA FIBRINOGEN: 
PGR Priroftrs: 

PCR1G: 5 ■ — C AC TC C C AT AATGGC ATGC - 3 ' 

PCR2G; 5' — C AC G A ATTC C CT AGGTGGTGTTGCTGTC C — 3 * 

Synthetic 3* end fragment glt^o. st 

Gl: 5 J -CTAGGGGGAGCC AAACAGGCTGGAGACGTTTAAGCGCCCGC AAGCTTG—3 ' 
G2: 5 s • AATTC AAGCTTGCGGCCGCTTAAACGTCTCCaGCCTGTTTGGCTCCCC — 3 ' 

K&nl / J I adaptor: 
5 4 — C ATCGC AGCT— 3 ' 

FIGURE 5 
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Positional detail for mutagenesis, seo^iencing and PCR primers 

GGTACCGOGCCCCCCCTCGAGGTCGACCGCGGCCCCCCGGGCACTCAGACATCATGAGTT 

1 ^ +. ^ •+• 60 

CCATGGCCCGGGGGGGAGCTCCAGCTGGCGCCGGGGGGCCCGTGAGTCTGTAGTACTCAA 

TyrArgAlaProProArgGlyArgProArgProProGlyHisSerAspIleMecSerTrp - 

GGTCCTTGCACCCCCGGAATTTAATTCTCTACTTCTATGCTCTTTTATTTCTCTCTTCAA 

61 + + + •+• + ; *■ 120 

CC AGGAAC GTGGGGGC CTTAAATTAAG AGATG AAG ATACG AG AAAATAAAGAGAGAAGTT 

SerLeuHisProArgAsnLeuIleLeuiyrPheTyrAlateuLeuPheLeuSerSerThr - 

CATGTGTAGCL^TATGTTGCTACCAGAGACAACTGCTGCATCTTAGATGAAAGATTCGGTA 

121 + + + ■*■ 1+Z "** 180 

GTACACATCGTATACAACGATGGTCTCTGTTGACGACGTAGAATCTACTTTCTAAGCCAT 

CysValMalYrValAlaThrArgAspAsnCysCysIleX-euAspGluArgPheGlySer - 

GTTATTGTCCAACTACCTGTGGCATTGCAGATTTCCTGTCTACTTATCAAACCAAAGTAG 

181 + + + * — — * 240 

CAATAACAGGTTGATGGACACCGTAACGTCTAAAGGACAGATGAATAGTTTGGTTTCATC 

TYrCysProThrThrCysGlyIleAlaAspPhel,eu£er^^ - 

ACAAGGATCTACAGTCTTTGGAAGACATCTTACATCAAGTTGAAAACAAAACATCAGAAG 

241 * + + — + 300 

TGTTCCTAGATGTCAGAAACCTTCTGTAGAATGTAGTTCAACTTTTGTTTTGTAGTCTTC 

LysAspLeuGlnSerLeuGluAspIleLeuHisGlnValGluAsnlysThrSerGluVal - 

TCAAACAGCTGATAAAAGCAATCCAACTCACTTATAATCCTGATGAATCATCAAAACCAG 

301 + * f * — * 360 

AGTTTGTCGACTATTTTCGTTAGGTTGAGTGAATATTAGGACTACTTAGTAGTTTTGGTC 

LysGliiI-euIleLysAlalleGlnLeuTlirTyrAsxxProAspGluSerSerl.ysProAsp - 

ATATGATAGACGCTGCTACTTTGAAGTCCAGGATAATGTTAGAAGAAATTATGAAATATG 

361 -k + - ■» +• 420 

TATACTATCTGCGACGATGAAACTTCAGGTCCTATTACAATCTTCTTTAATACTTTATAC 

MeclleAspAlaAlaThxLeuLysSerArglleMetLeuGluGluIleMecLysiyrGlu - 

AAGCATCGATTTTAACACATGACTCAAGTATTCGGTATTT 4 qq 

42 1 "I^CGTAGCTAAAATT 

AlaSerlleLeuThrHisAspSerSerlleArgryrLeuGlnGluIleTyrAsnSerAsn - 
ATAATCAAAAGATTGTTAACCTGAAAGAGAAGGTAGCCCAGCTT ^ q 

AsnGlnLysIleValAsnLeuLysGluLysValAlaGlnl-euGluAlaGlnCysGlnGlu - 

AACCTTGCAAAGACACGGTGCAAATCCATGATATCACTGGGAAAGATT gQQ 

541 TOGAACGmCTGTCCCACGmAG^ 

ProCysLysAspThrValGlnlleHisAspIleThrGlyLysAspCysGlnAspIleAla - 

CC AATAAGGGAGCTAAACAGAGCGGGCTTTACTra g ^ 

601 GGTCATOCCTCGAT^^ 



FIGURE 7, PANEL A 
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AsriI-ysGlyAlaLysGlriSerGlyL,euTyrPtieIleL.vsProI-exxLysAlaAsriGlnGln - 

aattcttagtctactgtgaaatcgatgggtctggaaatggatggactgtgtttcagaaga 

661 - * - + 720 

TTAAGAATCAGATGACACTTTAGCTACCCAGACCTTTACCTACCTGACACAAAGTCTTCT 

PheLeuValTyrCysGluIleAspGlySerGlyAsnGlyTrpThrValPiieGlnLysArg - 

GACTTGATGGCAGTGTAGATTTCAAGAAAAACTGGATTCAATATAAAGMGGATTTGGAC 

721 + + + 780 

CTGAACTACCGTCACATGTAAAGTTCTTTTTGACCTAAGTTATATTTCTTCCTAAACCTG 

LeuAspGlySerValAspPtieLysLysAsnTrpIleGlnTyrL.ysGluGlyPheGlyHis - 

ATCTGTCTCCTACTGGCACAACAGAATTTTGGCTGGGAAATGAGAAGATTCATTTGATAA 

781 * + + f - 840 

TAGACAGAGGATGACCGTGTTGTCTTAAAACCGACCCTTTACTCTTCTAAGTAAACTATT 

LeiiSerProTlrrGlyTiirThxGluPheTrpLeuGlyAsnGluLysIleHisI-euIleSer - 

GCACACAGTCTGCCATCCCATATGCATTAAGAGTGGAACTGGAAGACTGGAATGGCAGAA 

841 + ««- h- •+■ + + 900 

CGTGTGTCAGACGGTAGGGTATACGTAATTCTCACCTTGACCTTCTGACCTTACCGTCTT 

ThrGlnSerAlalleProTyrAlal-euArg-ValGluLeuGluAspTrpAsnGlyArgTtir - 

CCAGGACTGCAGACTATGCCATGTTCAAGGTGGGACCTGAAGCTGACAAGTACCGCCTAA 

901 + + + «- + 960 

GGTCCTGACGTCTGATACGGTACAAGTTCCACCCTGGACTTCGACTGTTCATGGCGGATT 

ArgrrhjrAlaLAspTyrAlaWecPheLysValGlyProGluAlaAspLysTyrArgLeuTlir - 

CATATGCCTACTTCGCTGGTGGGGATGCTGGAGATGCCTTTGATGGCTTTGATTTTcfe f 

961 * * * * "-+"1020 

GTATACGGATGAAGCGACCACCCCTACGACCTCTACGGAAACTACCGAAACTAAAACCGC 

Tv^^XaTyrPheAlaGlyGlyAspAlaGlyAspAlaPheAspGlyPheAspPKeGlyAsp - 
_j rgE041 SphI 
1 ATGATCCTAGTGA CAAG^ TTTTTCACATCCCATAATGGCATGCAGTTCAGTACCTGGGACA 

1021 ? — * «h + * 1080 

TACTAGGATCACTGTTCAAAAAGTGTAGGGTATTACCGTACGTCAAGTCATGGACCCTGT 

AsDProSerAspLvsPhePh eThrSe rHisAsnGlvMetGlnPhaSp^^Tnn^g^^g" - 

1 — 'MUTIcTMg) r^PCRX Vr 

ATGACAATGATAA Ul^L^ AA GGCAACGCTGCrrGAACAG^^ 

1081 * 7 ^ aw-^ t ? 1140 

TACTGTTACTATTC AAACTTCC GTTG fcGAC GACTT GTCC TACCTAG /^CCAAC CACCTACT 

IPCRV J 

''SPiieGluGlyAsriAlaAlaGluGlnAspGlySerGlyTrpTrpMecAsn - 

t MDT2 G\ gK^C^TC A£6(^^^ 

TGTTCCGAGTGCGACCGGTAGAGTTACCTCAAATAATGGTTCCACCGT^ 

LysAlaHisAlaGlyHisLeuAsnGlyValTyrTrc - 

neSEQ2 *- 

C^TCTACTCCTAATCGTTATGATAATGGCAT^^ — 

1201 ■ > --- nB n^^l^ + +~ " + + 1260 

GTAGA1K3AGG ATTACCAATACpATTACC GT AATAAACCC G GTGAACCTTTTGGGCC AC C A 
1 ^SEQ3 I h 

SerThrProSShGlyTyrAspAsnGlyllelleTrpAlaThrTrpLysThrArgTrpTyr - 

*vA?TCCATGAaS1aAACC ACT ATGAAG AT AATC CC ATTC AAC AGACTCACAATTGGAG AAG 

1261 — ■>■— 1 - + + + 1320 

TAAGGTACTTCTTTTGGTGATACTTCTATTAGGGTAAGTTGTCTGAGTGTTAACCTCTTC 

SerMecLysLysThrThrMecLysIlelleProPheAsnArgLeuThrlleGlyGluGly - 
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GACAGC AACA.CC AC CTGGGGGG AGCCAAAC AG GCTGGA GACGTTTAAAAG AC CGTTTCAA 
1321 + _ — — — , K _ ^_ 

CTGTCGTTGTGGTGGACC CCCCTC GG TTTG TCCG AC CTCTGC AAATTTTCTGGCAAAGTT 

GlnGlnHisHisLeuGlyGlyAlaLysGlnAlaGlyAspValEnd 

AAGAGATTTACTTTTTTAAAGGACTTTATCTGAACAGAGAGATATAATGGGCGGCCGC 
1381 --- h * ■+■ h + 1437 

TTCTCTAAATGAAAAAATTTCCTGAAATAGACTTGTCTCTCTATATTACCCGCCGGCG 
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1321 — ~ ^^S^SS^SSI???$?^?S?^$ AG ^ TGGAGA CGTTTAAAAGACCG-ri-rCAA 

ctgtcgttgtggtggacccccctcgg ; ^tccgacct^ 1380 

GlnGlnHisHisLeuGlyGlyAlaLysGlnAlaGlyAspValEnd 

13 81 ^ GAGA 33^A C 3^^^G^S^ ATCTG AACAG AGAGAT -TAATGGGCGGCCGC 

TTCTCTAAATGAAAAAATTTCCTGAAATAGACTTGTCT 1437 
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